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N OFFICIAL

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE
BOARD OF PATENT APPEALS AND INTERFERENCES

In re Application of: Examiner: Vuthe Siek
Lyn Mark Elzinga
Art Unit: 2825
Application No. 10/040,536
Filed: December 28, 2001 CERTIFICATE OF TRANSMISSION

. 1 hereby certify that this correspondence is being [acsimile
For: INTERCONNECT SWIZZLING FOR | (ransmitted to the United Statcs Patent and Trademark

CAPACATIVE AND INDUCTIVE Office, Fax No. (703)_872-9306____ N
NOISE CANCELLATION on

Date wrence M, Mennemeier

APPELLANT’S BRIEF UNDER 37 CFR § 1.192
IN SUPPORT OF APPELLANT’S APPEAL TO THE BOARD OF PATENT
APPEALS AND INTERFERENCES

Mail Stop Appeal Brief-Patents
Commissioner of Patents

PO Box 1450

Alexandnia, VA 22313-1450

Dear Sir:

Appellant hereby submits this Brief in triplicate in support of an appeal from = final
decision of the Examiner, in the above-referenced case. Appellant respectfully requests
consideration of this appeal by the board of Patent Appeals and Interference for allowance

of the above-referenced patent application.

-1-
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I Real Party in Interest

The real party in interest in the present appeal is Intel Corporation of Santi Clara,

California, the assignee of the present application.
IL Related_Appeals and Interferences

There are no related appeals or intcrferences to appellant’s knowledge that would

have a bearing on any decision of the Board of Patent Appeals and Interferences.

JI R Status of the Claims

Claims 1-23 and 26-38 are allowed
Claims 24 and 25 stand rejected under 35 USC § 102(b) as allegedly being

anticipated by US Patent 5,534,732 (DeBrosse).

V. Status of Amendments

A preliminary amendment, submitted by appellant on 6/7/2002 was entered. An
official response to a first Office Action mailed 7/15/2003 was submitted by appellant on
11/17/2003 and was entered. A Final Office Action was mailed on 1/28/2004. Appellant
responded by submitting an amendment and official response after final on 3/23/2004,
which was entered and an Advisory Action was mailed 5/4/2004. A Notice of Appeal
was transmitted on 4/28/2004, and an appeal ensued.

Accordingly, the claims stand as of the entered amendment of 3/23/2004, and are

reproduced in clean form in the Appendix.

42390913294 -
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V. Summary of the Invention

Appellant’s disclosure describes a process to employ swizzling that provides
capacitive and inductive noise cancellation on a set of concurrently active signal lines. A
positive noise due to a capacitive coupling between an attacker signal line and a near
victim signal line is, in part, cancelled by 2 negative or opposite noise due to an mductive
coupling between the attacker signal line and a far victim signal line. A swizzling pattern
is set forth whereby signal lines of one segment are reordered to transpose near victim
signal Jines and far victim signal lines in sﬁbsequent segments to facilitate the capacitive
and inductive cancellation. The sw;zzﬁng pattem is selected to further facilitate similar
capacitive and inductive noise cance]lation among the other signal lines of the set.

In some embodiments, the process continues to employ the swizzling pattern in
multiple stages to place each signal line adjacent to every otber signal line of the set in
some swizzle stage. In some alternative embodiments, swizzling parerns may be selected
which place each signal line adjacent to every other signal line of the set in some
predetermined nurnber of swizzle stages. Subsequent stages of swizzling provide the set of
signal lines with capacitive and inductive noise cancellation in addition to the capacitive
and inductive moise cancellations of previous stages. The signal lines are optionally
reordered by a final swizzle stage to restore the set’s original order. In some embodiments,
swizzling patterns may be selected from cyclic swizzle groups such that repeating the
swizzling pattern autornatically restores the set’s original order and/or places each signal
line adjacent to other signal lines of the set in a predetermined number of swizzle stages.

In some embodiments, a plurality of S swizzle stages may be inserted to provide
capacitive and inductive noise cancellation within a set of N concurrently active signal
lines, S being computed for a particular value of N according to the equation:

N%/2 - (2S43)N/2 +S +1=0.

42390.P13294 4-
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VI  Issues
1. Is claim 24 anticipated by DeBrosse?

2. Is claims 25 anticipated by DeBrosse?

VI. Grouping of Claims (Independent Claims Bolded)

For the purposes of this 'dppeal, claims 24 and 25 do not stand or fall together.

Group I: Means for Providing Multiple Capacitive and Inductive Noise
Cancellation Stages.

Claim 24.

Group JI: Means for Providing Multiple Capacitive and Inductive Noise
Cancellation Stages and Restoring Initial Order.

Claim 25.

42390.P13294 .
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VII. Argument

A. Claim 24 Is Not Anticipated by DeBrosse

Claim 24 stands rejected under 35 USC § 102(b) as allegedly being anticipated by
US Patent 5,534,732 (DeBrosse).
The MPEP § 2131 states that:

A claim is anticipated only if each and every elemnent as set forth in the claim is found, either
expressly or inherently described, in a single prior art refercnce.” Verdegaal Bros. v. Union Oil Co.
of California, 814 F2d 628, 631,2 USPQ2d 1051, 1053 (Fed. Cir. 1987).

Appellant respectfully submits that in the cited reference, each and every element

as set forth in the Group I claim is not found, either expressly or inherently described.

Claim 24, for example, sets forth:

24, (Original) An interconnect comprising:
a set of N active sigpal lines having an initial order;
rueaps for providing the set of signal lines with a first capacitive and
inductive noise cancellation; and;
means for providing the set of signal lines with a second capacitve and
inductive noise cancellation in addition to the first capacitive and inductive noise
cuncellation,

The invention of DeBrosse relates to a single crossing region that traverses paired
true/complement line conductors such that intra-pair capacitive coupling is avoided and
inter-pair capacitive coupling {s matched (abstract; col. 2, lines 47-51; Figs 5 and 7-10).

The Final Office Actiop states (emphasis added):

“DeBrosse et al. teach an interconnection layout comprising a set of N active signal lives having an
initial order (as shown in Figure 5 for example); means for providing the set of signal Jines with a
first capacitive and inductive noise cancellation; and means for providing the set of signal lines
with a second capacitive and inductive noise cancellation in addition to the first capacitive und
inductive noise cancellation (shown in Figure 5 for example). DeBrossc et al. show capacitive
noise cancellation. Since capacitive and inductive parasitics are inherently included in conductive
tine[s], thus capacitive noise cancellation inherently includes inductive noise cancellation.”

Appellant respectfully disagrees. Appellant submits that (1) in the first region of
42390.P13294 -6-
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DeBrosse, the signal lines are in their initial order where DeBrosse states that intra-pair
capacitive coupling between true and complement lines is avoided not cancelled (col. 6,
lines J-23; Fig. 5).

lAppellant further submits that (2) in the second region of DeBrosse, capacitive
coupling between pairs is matched such that a line which was dispdsed adjacent to a true
signal line of a pair in the first region is then disposed adjacent to the complemented
signal line of the pair in the second region and vise-versa. For example the signal labeled
2-bar is adjacent to the signals labeled 1-bar and 3 in the first region and then adjacent to
their complements labeled 1 and 3-bar in the second region (Fig. 5). Thus, in DeBrosse,
the set of signal lines is provided with a single cancellation of the capacitive couplings
from the true and complemented signal lines (col. 6, lines 1-27; Fig. 5).

On the other hand, ¢laim 24 sets forth means for providing the set of signal lines
with a first capacitive and inductive noise cancellation, and means for providing the set of
signal lines with a second capacitive and inductive noise cancellation in addition to the
first capacitive and inductive noise cancellation. DeBrosse does not describe, either
expressly or 'inherently, providing the set of signal lines with a second capacitive and
inductive noise cancellation in addition to the first capacitive and inductive noise
cancellation.

Appellant further submits that (3) from the presence of inductive parasitics in line
conductors it can not be concluded that capacitive noise cancellation inherently includes
inductive noise cancellation.

In re Robertson, 169 F.3d 743, 745, 49 USPQ2d 1949, 1950-51 (Fed. Cit. 1999):

To establish inhercney, the extrinsic evidence "must make clear that the missing descriptive matter
is necessarily present in the thing described in the reference, and that it would be so recognized by

42390.P13294 T
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persons of ordinary skill.” Continenta! Can Co. v. Monsanto Co. , 948 F.2d 1264, 1268, 20
U.S.P.Q.2d 1746, 1749 (Fed. Cir. 1991).

The existence of inductive parasitics does not make it clear that the missing
descriptive matter, “capacitive and inductive noise cancellation,” is nccessarily present in
the technique described in the reference. The examiner does not provide objective
evidence or cogent technical reasoning to support the conclusion of inherency.
Capacitive coupling is strongly related to the proximity of the signal lines, which is
addressed by DeBrosse. On the other hand, for inductive coupling it is not so much the
proximity of a signal line to an attacker signal line as it is the -surface area of a current
loop or current loops formed by the attacker signal line and its closest return path, which
is not addressed by DeBrosse. One signal line may be inductively coupled to many or all
of the other signal lines and DeBrosse addresses only adjacent signal lines and their
paired complement signal Jines.

Appellant provides the following article as extrinsic evidence that the missing
descriptive matter would not be recognized by one of skill in the art as being necessarily
present in the technique described by DeBrosse.

Exhibit A: Guoan Zhong et al., A Twisted-Bundle Layout Structure for Minimizing Inductive
Coupling Noise, Iniernational Conference on Computer-Aided Design, Nov. 5.9, 2000.

Referring to subsection 4.2 titled “Caveats,” paragraphs 2 and 3 and Figure 5, the
authors address the question of whether it is possible to reduce mutual inductances within
a group of signal lines sharing a common retum (such as the one shown in Fig. 11 of
DeBrosse) by reordering the positions of signal lines within the group. They conclude
that it is not.

Finally, appellant submits that (4) DeBrosse should not be considered equivalent
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under 35 U.S.C. 112, paragraph six, to the subject matter set forth in claim 24.
The MPEP § 2181 states that:

Whea making a determination of patentability under 35 U.S.C 102 or 103, past practice was to
interpret a “means or step plus function” limitation by giving it the "broadest reasonable
intcrpretation.” Under the PTO's long-standing practice this meant interpreting such a limitation as
rcading on any prior art means or step which performed the function specified in the claim without
regard for whether the prior art means or step was equivalent to the corresponding structure,
material or acis described in the specification. However, in Donaldson, the Federal Circuit stated:

Per our holding, the "broadest reasonable interpretation” that an examiner may give means-plus-
function language is that stawtorily mandated in paragraph six. Accordingly, the PTO may not
disrcgard the strucnme disclosed in the specification corresponding to such language when
rendering a patentability determination.

While appellant intends that the broadest reasonable interpretation should be
given to claims 1;23 and 28-38, all of which have been allowed, the means-plus-function
form of claim 24 may not be modified by language containing sufficient stucture,
material or acts for achieving the specified function. Therefore claum 24 should be
construed to cover the corresponding structure, material or acts described in the
speciﬁcation and equivalents thereof.

The MPEP § 2181 also states that:

[Ulnless an element performs the identical function specified in the claim, it cannot be an
equivalent for the purposes of 35 U.S.C. 112, sixth paragraph. Pennwalt Corp. v. Durand-
Wayland, Inc., 833 F.2d 931, 4 USPQ2d 1737 (Fed. Cir. 1987), cert. denied, 484 U.S. 961 (1988),

For example, as described in paragraph [0041] of the specification for the present
application? in a process to employ swizzling that may provide capacitive and inductive
noise cancellation on a set of signal lines, a positive noise due to a capacitive coupling
between an attacker signal line and a first victim signal line is, in part, cancelled by a
negative or opposite noise due to an inductive coupling between the attacker signal line
and a second victim signal line.

Paragraph [0046] explains a key observation js that by reversing the positions of
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the near victim signal line and far victim signal line with respect to the attacker in a
subsequent interconnect segment, a partial cancellation of the capacitive and inductive
noise voltages may be provided. Therefore, it will be appreciated that a partial
cancellation of capacitive and inductive noise may be provided in a subsequent
interconnect segment by a swizzling of a set of signal lines.

Paragraph [0049] also explains that typically the inductive noise from one attacker
is weaker than the capacitive noise form one attacker. A key observation is that
additional swizzling may be used to provide subsequent stages of further capacitive and
inductive nojse cancellation for the set by balancing the number of signal lines that are
near peighbors in subsequent stages.

DeBrosse does not suggest capacitive and inductive noise cancellation as
disclosed in appellant’s specification or equivalents thereof, but rather shows a technique
for avoidance of capacitive coupling between pairs of true/complement line conductors,
and capacitive matching between the true/complement line conductors of one pair and
those of its neighbor pairs (col. 1, lines 11-15, col. 2, lines 56-67 and col. 3, lines 1-5).
DeBrosse admits that his layout is applicable only' to interconnection arrays having a
plurality of paired true/complement line conductors (col. 3, lipes 28-30).

Appellant respectfully submits that a person of ordinary skill in thé art would not
have recognized an interchangeability of DeBrosse (which relies upon capacitive
matching between the true/complement line conductor pairs) and the capacitive and
inductive noise cancellation disclosed in appellant’s specification (which does not rely
upon such characteristics of true/complement line conductors).

Even if capacitive matching between the true/complement Jine conductors could
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be considered equivalent to the capacitive and jnductive noise cancellation function set
forth in claim 24, DeBrosse performed it in a substantially different way (by alternating
the capacitive coupling of true and complement line conductors and requiring twice as
many signal lines as tbe method disclosed in appelant’s specification) with a
substantially different result (a single crossing region versus repeatedly swizzling to
balance the nwmber of signal lines that are near neighbors for subsequent capacitive and
inductive noise cancellation).

DeBrosse does not expressly or inherently describe equivalent means for
providing the set of signal lines with a second capacitive and inductive noise cancellation
in addition to the first capacitive and inductive noise cancellation. DeBrosse shows a
technique including, “forming a single crossing region including crossing the line
conductors of each pair once;” (col. 3, lines 13-15). DeBrosse discloses reordering the
signal lines only once (col. 3, lines 2924 and col. 7, lines 63 through col. 8, line 2). Even
DeBrosse’s title, “Single Twist Layout and Method for Paired Line Conductors of
Integrated Circuits,” admits the nonequivalence of the prior art element of DeBrosse for
allegedly performing the function set forth in claim 24.

Accordingly in light of the argument presented above, appellant respectfully

submits that indecpendent claim 24 is not anticipated by DeBrosse.

\
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B. Claim 25 Is Not Anticipated by DeBrosse

Claim 25 stands rejected under 35 USC § 102(b) as allegedly being anticipated by
US Patent 5,534,732 (DeBrosse).

In accordance with the arguments pfesentcd above with regard to the patentability
of claim 24, appellant believes that claim 25 is patentable, first, for including all of the
limitations of claim 24, and additionally for the reasons described below.

The MPEP § 2131 states that:

"The ideptical invention must be shown in as complete detail as is contained jn the ... claim.”
Richardson v. Suzuki Motor Co., 868 F.2d 1226, 1236, 9 USPQ2d 1913, 1920 (Fed. Cir. 1989).

Appellant respcctfully'submits that in the cited reference, each and every element
as set forth in the Group II claim is not found, either expressly or inberently described in
as complete detail as is contained in the claim.

Claim 25, for example, sets forth:

25. (Original) The interconnect of Claim 24 further comprising:
means for restoring the initial order of the set of signal Jincs.

As stated above, the invention of DeBrosse relates to a single crossing region that
traverses paired true/complement line conductors such that intra-pair capacitive coupling
is avoided and inter-pair capacitive coupling is matched (abstract; col. 2, lines 47-51).
Clearly, the initial order of the set of signal lines is not restored by tbe single crossing
region of DeBrosse (see fqr example Figs 5 and 7-10).

The Final Office Action states:

“DeBrosse ct al. teach that sigpal lines in the crossing region are reordered in the third region in
order to obtain initial signal lincs in the first region or as original signal lines configuration in
initial stage, where the signal lincs are substantially paralle] (Please se Figs. 5,78, 9, 1) and 11).”

Appellant respectfully disagrees. Appellant submits that (1) in the first region of
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DeBrosse, the signal lines are in their initial order and that initial order is not restored by
any.means.

Referring to Figure 5, for example, DeBrosse states that in the first region line
conductor 1 is disposed adjacent to line conductor 2 and line conductor 1-bar is disposed
adjacent to line conductor 2-bar (col. 6, lines 1-6). In contrast, opposite the crossing
region, line conductor 1 is disposed adjacent to line conductor 2-bar and line conductor 2
is disposed adjacent to line conductor 3-bar, which is not the same order as ther initial
order (col. 6, lines 7-13). DeBrosse refers to the pattern applied to initially ordered lines
1, 2, 1-bar, and 2-bar respectively as “down 1,” “down 3,” “up 3,” and “up 1,” (col. 6,
lines 16-17).

Furtber, as stated above with regard to claim 24, the mcéns—plus—function form of
claim 25 may not be modified by language containing sufficicat structure, material or acts
for achieving the specified function. Therefore claim 25 should be construed to cover the
corresponding structure, material or acts described in the specification and equivalents
thereof.

Appellant submits that (2) DeBrosse should not be considered equivalent under 35
U.S.C. 112, paragraph six, to the subject matter set forth in claim 25.

For example, as described in paragraphs [0094] and [0095] of the specification for
the present application with reference to Figure iO, it will be appreciated that repeated
compositions of ¢ and d generate swizzle groups with respect to an initial order
{1,2,3,4,5,6,7,8} as follows:

d=17413,6852}, d ={24163857},

F=1{537.18264), &=1{462817135),
42390.P13294 -13-
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& =16,1,572483), & =1{6847.2513}

‘- (8,7.6,54321), d=1{8765432]1},
& ={25863147), d&={715836142},
f=14,6238,1735), &={53718264}
J=1(3842751,6), & =(3,15274386},
f=(12345678) d=(12345678)}

1t will be further appreciated that a swizzling pattern given by ¢/, ¢/, ¢/, ¢’, may be
employed using swizzling 1041 repeatedly and (')ptionall)r restoring the initial order of the
set using swizzling 1045.

Similarly, Figures 4a-b, 10a-¢c, 11b, and 13a-d illustrate alternative embodiments
where the initial order of a set of signal lines may be restored by swizz]ing patterns which
may be conveniently selected from swizzle groups.

DeBrosse does pot expressly or inherently describe equivalent means for restoring
the jnitial order of the set of signal lines. The techniques of DeBrosse use a single
crossing region crossing the line conductors of each pair only once and reordering the
signal lines exactly once (col. 3, lines 13-24 and col. 7, lines 63 through col. 8, line 2).

Appellant respectfully submits that a person of ordinary skill in the art would not
have recognized an interchangeability of the. single crossing region of DeBrosse and the
swizzling patterns disclosed in appellant’s specification for restoring the initial order of
the set of signal lines. |

Additionally, appellant believes that since the single crossing region of DeBrosse
performs a substantially different function (matching true/complement signal line pairs)

in a substantially different way (reordering the signal lines exactly once), it is not
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equivalent for allegedly performing the function of restoring the initial order of the set of

signal lines set forth in claim 25.

Accordingly in light of the argument presented above, appellant respectfully

submits that dependent claim 25 is not anticipated by DeBrosse.
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Conclusion

Appellant submits that all claims now pending are in condition for allowapce

Such action is earnestly solicited at the earliest possible date. If there is a deficiency in

fees, please charge our Deposit Acct. No. 02-2666.

Respectfully submitted,

'\\\.

‘ % Meanemeier, Reg. No. 51,003

12400 Wilshire Boulevard

Seventh Floor
Los Angeles, CA 90025-1026

(408) 720-8598
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X. Appendix A; Claims Allowed and Involved in Appeal (Clean Copy)

1. (Original) A method comprising:

swizzling a set of N concurrently active signal lines into a first order to provide a
first stage of capacitive and inductive noise cancellation for a first plurality of signal lines
of the set; and

swizzling the set of N concurently active signal lines again into a second order
different from the first order to provide a sccond stage of further capacitive and inductive

noise cancellation for the first plurality of signal lines of the set.

2 (Original) The method of Claim 1 wherein a first signal line of the set is adjacent
to a first subset of the set of N concurrently active signal lines in the first stage and

' swizzling the set of N concurrently active signal lines again places the first signal line
adjacent to a second subset of the set of N concurrently active signal lines in the second

stage, the first subset and the second subset being disjoint.

3. (Original) The method of Claim 2 wherein the first signal line of the set is
adjacent to a third subset of the set of signal lines in ap initial order of the set of N
concurrently active signal lines and swizzling the set of signal lines places the first signal
line adjacent to the first subset of signal lines in the first stage, the first subset and the
third subset being disjoint. '

4, (Original) The method of Claim 1 wherein the set of N concurrently active signal

lines have a substantially common origin and a substantially common destination.

5. (Original) The method of Claim 1 wherein swizzling the set of N concurrently
active signal lines comprises reordering N signal lines for concurrently carrying N bits of

information in substantially parallel sjgnal tracks on a substantially planar substrate by
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routing each of a second plurality of said N signal lines from a corresponding pre-
swizzling signal track direetly to a corresponding post-swizzling signal track, optionally

via a substantially parallel planar layer.

6. (Original) The method of Claim 5 wherein each swizzling of the set of N

concurrently active signal lines is accomplished by inserting a single swizzle cell.

7. (Original) The method of Claim 1 comprising swizzling the set of N concurrently
active signal lines to provide S stages of capacitive and inductive noise cancellation and
optionally providing an additional stage to restore an initial order of the set, wherein each
of the N concurrently active signal lines of the set is placed adjacent to every otber signal
line of the set in some stage of the S stages, S being computed from N according to the
equation:

N%/2 — (28+3)N/2+ S +1=0.

8. (Original) An article of manufacture comprising
a machine-accessible medium including data that, when accessed by a machine,

cause the machine to perform the method of Claim 7.

9. (Original) An article of manufacture comprising
a machine-accessible medium including data that, when accessed by a machine,
cause the machine to perform the method of Claim 6.

10. (Original) An article of manufacture comprising
a machine-accessible medium including data tbat, when accessed by a machine,

cause the machine to perform the method of Claim 3.

11.  (Original) An article of manufacture comprising
a machine-accessible medium including data that, whep accessed by a machine,
canse the machine to perform the method of Claim 1.
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12.  (Original) The method of Claim 1 wherein the first stage of capacitive and
inductive noise cancellation and the second stage of further capacitive and inductive noise
cancellation reduce capacitive and inductive noise due to switching within the set of

signal lines.

13. A (Original) The method of Claim 1 wherein concurrently active indicates that each

of the N signal lines may be switched in a single transmission cycle.

14.  (Original) An apparatus comprising:

a set of N signal lines configurable to transmit N bits of information in a
transmission cycle, the signal lines being substantially parallel and having a first portion
with a first signal line order,

a first swizzle stage of the set of N signal lines having a second portion with a
second signal line order, wherein a first signal line of the set is adjacent to a first subset of
the N signal lines in said first portion and the first signal line js adjacent to a second
subset of the N signal lines in said second portion, the first subset and the second subset
being disjoint; and

a second swizzle stage of the set of N signal lines having a third portion with a
third signal line order, wherein the first signal line of the set is adjacent to a third subset
of the N signal lines in said third portion, the first subset the second subset and the third
subset being disjoint.

15.  (Original) The apparatus of Claim 14 wherein the set of N signal lines have a

substantially common origin and a substantially common destination.

16. (Original) The apparatus of Claim 14 comprising
said set of N sigpal lines in substantially parallel signal tracks on a substantially
planar substrate;

each of a first plurality of the N signal lines being routed from a corresponding
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signal track in the first portion, according to the first signal line order, directly to 2
cotresponding signal track in the second portion, according to the second signal line
order, optionaily via one or more substantially parallel planar layers; and

each of a second plurality of the N signal lines being routed from & corresponding
signal track in the second portion, according to the second signal line order, directlyto a
corresponding signal track in the third portion, according to the third signal line order,

optionally via the one or more substantially parallel planar layers.

17.  (Original) The apparatus of Claim 14 wherein the first swizzle stage of the set of

N lines comprises a swizzle cell coupling the first portion with the second portion.

18.  (Original) The apparatus of Claim 17 wherein the second swizzle stage of the set

of N lines comprises a swizzle cell coupling the second portion with the third portion.

19.  (Original) The apparatus of Claim 14 comprising

a plurality of S swizzle stages to provide capacitive and inductive noise
cancellation within the set of N signal lines, wherein each of the N signal lines of the set
is placed adjacent to every other signal line of the set in some swizzle stage of the S
swizzle stages, S being computéd for a particular value of N according to the equation,
N¥2 - (25+3)N/2 + S + 1=0; and

an optional final stage to restore an initial order for the set vof N signal Jines.

20.  (Original) The apparatus of Claim 14 wherein the third portion of the second
swizzle stage places no signal line, of the set of N signal lines, adjacent to one of the

same signal lines that they are adjacent to in the second portion of the first swizzle stage.

21.  (Original) The apparatus of Claim 20 wherein the second portion of the first
swizzle stage places no signal line, of the set of N signal lines, adjaceat to one of the

same signal lines that they are adjacent to in the first portion.
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22.  (Original) The apparatus of Claim 21 wherein the third portion of the second
swizzle stage places no signal line, of the set of N signal lines, adjacent to one of the

same signal lines that they are adjacent to in the first portion.

23.  (Original) The apparatus of Claim 14 comprising

a first swizzle cell to reorder the set of N signal lines from the first signal line
order into the second signal line order,;

a second swizzle cell to reorder the set of N signal lines from the second signal
line order into the third signal line order; and

an optional third swizzle cell to restore an initial order for the set of N signal lines.

24.  (Original) An interconnect comprising:

a set of N active signal lines having an initial order;

means for providing the set of signal lines with a first capacitive and inductive
noise cancellation; and;

means for providing the set of signal lines with a second capacitive and inductive

noise cancellation in addition to the first capacitive and inductive noise cancellation.

25.  (Original) The interconnect of Claim 24 further cornprising:

means for restoring the initial order of the set of signal lines.

26. (Previously Amended) An interconnect comprising:

a set of N active signal lines having an initial order;

means for providing the set of signal lines with a first capacitive and inductive
poise cancellarion;

means for providing the set of signal lines with a second capacitive and inductive
noise cancellation in addition to the first capacitive and inductive noise cancellation; and

means for restoring the initial order of the set of signal lines, wherein the means
for restoring the injtial order of the set of signal lines provides the set of signal lines with

a third capacitive and inductive noise cancellation in addition to tbe first and second
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capacitive and inductive noise cancellations.

27.  (Original) The interconnect of Claim 26 wherein the set of signal lines contains an

even number of signal lines.

28.  (Original) An article of manufacture comprising:
a machine-accessible medium including data that, when accessed by a machine,

cause the machine to:

insert a first swizzle stage to provide a set of N concurrently active signal lines
having a first signal line order, with a second signal line order, where in the first signal
line order, a first signal line of the set is adjacent to a first subset of the N signal lines and
in the second signal line order the first signal line is adjacent to a second subset of the N
signal lines, the first subset and the second subset having no signal lines in common; and

insert a second swizzle stage to provide the set of N concurreptly switched
signal lines with a third sigpal line order, where in the third signal lipe order the first
signal line is adjacent to a third subset of the N signal lines, the first subset, the second

subset and the third subset having no signal lines in common.

29.  (Original) The article of manufacture of Claim 28 wherein the second signal line
order of the first swizzle stage provides a capacitjve and inductive noise cancellation by

placing the first signal line adjacent to the second subset of the N signal lines.

30. (Original) The article of manufacture of Claim 29 wherein the third signal line
order of the second swizzle stage provides an additional capacitive and inductive noise
cancellation by placing tbe first signal line adjacent to the third subset of the N signal
lines.

31.  (Original) The article of manufacture of Claim 30 wherein the first éapaciﬁve and
inductive noise cancellation and the additional capacitive and inductive poise cancellation

reduce capacitive and inductive noise due to switching within the set of N concucently
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active signal lines.

32,  (Original) The article of manufacture of Claim 28 wherein the third signal Jine
~ order of the second swizzle stage places no signal line, of the set of N copcurrently active
signal lines, adjacent to one of the same signal lines that they are adjacent 10 in the second

signal line order of the first swizzle stage.

33. (Original) The article of manufacture of Claim 32 wherein second signal line
order of the first swizzle stage places no signal line, of the sct of N concurrently active
signal lines, adjacent to one of the same signal Jines that they are adjacent to in the first .
signal line order.

34. (Original) The article of manufacture of Claim 33 further including data that when
accessed by the machine, cause the machine to:
insert a third swizzle stage to restore the set of N concurrently active signal

lines to their original order.

35.  (Original) The article of manufacture of Claim 28 wherein concurrently active

indicates that each of the N signal lines may be switched in 2 trapsmission cycle.

36. (Original) The article of manufacture of Claim 28 further including data that when
accessed by the machine, cause the machine to:

insert a plurality of S swizzle stages to provide capacitive and inductive noise
cancellation within the set of N concurrently active signal lines, wherein each of the N
signal lines of the set is placed adjacent to every other signal line of the set in somne
swizzle stage of the S swizzle stages, S being computed for a particular value of N
according to the equation

N2/2 = (2S+3)N/2 + S + 1 =0; and
insert an optional swizzle to restore an initial order for the set of N

concurrently active signal lines.
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37.  (Original) An apparatus comprising:

a set of N concurrently active signal lines, the signal lines being substantially
paralle] and having a first sigpal line order;

a plurality of swizzle cells linking segments of the set of N concurreptly active
signal lines, the plurality of swizzle cells transposing near victim signal lines and far
victim signal lines in subsequent segments to facilitate capacitive and inductive noise
cancellation within the set of N concurrently active signal lines; and

an optional swizzle cell to restore an initial order for the set of N concurrently

active signal lines.

38.  (Original) The apparatus of Claim 37 wherein concurrently active indicates that

each of the N signal lines may be switched in a single transmission cycle.
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Exhibit A

Guoan Zhong et al., A Twisted-Bundle Layout Structure for Minimizing Inductive Coupling Noise,

International Conference on Computer-Aided Design, Nov. 5-9, 2000.
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A Twisted-Bundie Layout Structure for Minimizing
Inductive Coupling Noise’

Guoan Zhong, Chen

Kok Koh, and Kaushik Roy

Schoal of Electrical and Computer Engineering
Purdus University, West Latayette, IN 47907-1285

{zhong p.chengkoh, kaushik} @ecn,purduc.edn

ABSTRACT

In this paper, we propase a navel twisted-bundle layoul sgucnre
for minimizing inductive coupling nagise. In this structure, we cre-
mscvualrmdngmsimmdmcrmamﬁngofwmm
of these routing regions. The purpose is Lo ereate complementary
and opposite curreat loops ia the twisted-bundle Jayout sqructire,

cuch that (he magnetic Auxes =rising from any signal nct within .

axwi:wdgrmp,cancclee.cholha‘inlheumemloopofanclof
jnteresz. The effectiveness of the wistad-bundle sructore in mini-
fnizing coupling inductance has beea verified by the spplication of
FastHeary extraction on a 16-bit bus structwe. We achicve about
two orders of magmitude reduction in indective covpling. SPICE
simulations also show that the 16-bit twisted-bundle bos stucture
{5 able to maintain high signal Integrity ax high frequency of opcra-
Hon.

1. INTRODUCTION

Continped scaling of semiconductar sechnolopy has brought the
isstes of intercopnect-limited designs to the forcfront, The Inter-
national Technology Roadmap for Scmiconductar (FTRS) [1] fore-
casts that a3 the VLSI techoology advances towards giga-Hextz on-
chip frequcncy and system-icvel integration ca larger die size, sclf-
and conpling-inductances arc becoming dominant factors in deter-
[nining signal delay and signal integrity.

Ref. T16) gave an extensive survey of various noise sources in
circuit design. Predominantly, existing studies focused on cross-
ik poise due 10 capacitive coupling. Duc 1o the: short range effect
of capacitive coupling, techniques such as shielding, net ordering
ur track permutation have proved to be effective in minimizing ca-
pacitive cross-talk noise [6;17).

On the other hand, inductive effects have a long range effect
because they arise from the clecuromagnetic phenomenon of mag-
petic flux Gnking current loops- As a result, inductive poise has a
much wider maialeﬁmﬂmnthatofaupadﬁvnmise. For this
reason, it makes the worst case siuation in a circuit much harder
1o predicL. Many of the existing smdics thar dealt with on-chip fo-
dncrive effccts focused primasily on the modeling and extraction of
on-chip inferconnect ipductance. In (15], Yoop inductance was cal-
culsted in terms of partial inductances defined for wirc segments.
The Partinl Flement Equivalent Circuit (PEEC) model was widely
used to analyze on-chip inductance [7; 14; 4]. In [9]. frequency

-dependent inductaace and resistance were computed basad on the
maguctoquasisialic assunption, and in [10), & simple layou rule-
basedlmlhodwunsedtospeeduptheoumﬁon
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A few reccot sidies have reported success in minimizing ke
undesirablc indnctive effects. In reeent Alpha chip designs [2), an-
chip nductance was limited by sandwiching lines with high cur-
rent density between isolating metsl planes. In [11), the wiring
overhead was reduced by using a interdigitated leyout strocture,
is which a wide wire was split into many lines, {nrerspersed with
ground lines. These techniques, however, considered only self-
inductance In [8), inductive coupling noise was reduced by shicld
insertion and net ordering.

In this paper, we propate 2 navel pwisted-bundle 1ayout structurc
for minjmizing inductve coupling noise. By creating complernca-
tary and opposite current loops in the layout struenute, we achicve
two orders of magnitude reductioa in inductive coupling. The ahil-
ities of the twisted=bundle struciure in minimizing conpling induc-
tance and maintaining high signal integrity hive been verificd by
the applicatians of FasiHenry extraction and SPICE simulations o
a 16-bil bus srucure,

tion 3, we inroduce a twisted-pair [ayout sthicture, Upon which
the twisted-bandle sructure is based In Section 4, we present the
povel twisted-bundle sgucture and a systemstic approach far syn-
thesizing such & swuciurc. In Section 5, we apply this saoctre
to a 16-bit bus design and compare it with the “graditicnal” design
based on the parasitic puamewmﬁnracwdbyl’amtvkmyzndlhe
sitmulation results by SPICE. Fimlly, we conclude m Section 6.

2. PRELIMINARIES

Munusal inductances, 2s well as self inductance, are elecuomag-
netic phenomena (hat srises from cusrent loops [12; 13). The in-
ductances for a system of N loops are defined as:

Ly= 3’,?’- )

where yi; Is the magnetic fAux in loop i due 1o a cwreat J; in loop
j. Ly represents the self inducrance of foop i, whereas Ly (i # 7)
regresents the mgtual inductance beween loops § and /.

According to the Faraday's law, the tourual inductance can be
calculated by finding the magnetc flux linking one loop relatcd to
per onit of current in the other loap:

M=Ly= ffhidgtllb @

whmnialmmtyofmemagmicﬂuxmisim&ancum!]
inloopiandmcintegralianisoveﬂhzsuﬁcooﬂoopL

On-chip signal nets form loops with their currept resum paths;
these loops determmine the joductances a3 shown in Eqns. (1) and
(2). ‘Therefore. in ordef to accurately calculate the inducances of
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Figure 1: Twisted-pair structure.

on-chip interecnnections, it is of critical importance Lo determine
the current remm paths of on-chip sigoal nets. However, it is ex-
wemely difficult to find acawrae return paths for signal nets, be-
cause in (he complex interconnection suctures that we deal with
voday, these are several paths through which o cnrrent retorns {3)

In this work, we assume thatal) signals use the nearest pawez/ground

linc as their return paths [5). Although quict er opposite-switching
ndghbbringneumyalsosu'veasrmlrnpiﬂls,thcymnotidea]
becausé COMTents rerming from signal wires have to go through de-
vices, which typically have a resistance of several mmdred Ohms.

3. TWISTED-PAIR LAYOUT STRUCTURE

From the Raraday’s kaw, there are two possible ways of climi-
aating the coupling inductance: (i) by creating a magnctic flux that
is of am epposite direction; (if) by climinating ar minimizing the
surface arca of the second loop. To achiove that, we propose a sim-
ple neisted-pair layeut sgucture (Figure 1) that is inspired by the
twisted-pair wire structare.

As shown in Figure 1, we consider two signal lines in thig struc-
vare. For each gnallinn.weasmmethzuhmcxislsagmmdﬁne
nearby, serving s the signal’s dodicated roim path- The signal
andgmndlimsacdmwnwilhdiﬂ'mushades of gray. Likec (he
twisted pair wire sucture, we intertwine otic sigaal line and its re-
turn path st their mid-points such that they are “gymmemic” about
the mid-points. As the signal and ground lines co-exist on the same
metal Lyez, the physical layout of such a twisted-pair structure in-
volves vias and doglegs.

As indicared in Figure 1, signal lines 1 and 2 farm respoctively
Soops loop) and loop; with thelr dedicated renmrn paths, As signal
1 end its retarn path are twisted, loopy is divided into rwo gmualler
loops: loopyy and loopyz- In quasi-static condition, thc qorent
is continnons cverywhere along a signal live, Thercfore, the two
cument Joops Bow in oppositc directions, and the magnetic fields
cansed by loopyy and leepz are equal-in magnitade, bt in op-
posite directions. According to the Faraday's law in Eqn. (2), the
mutial inductance A = L) can be calculared by finding the mag-
netic fiux linking loop, te loop;:

M= B.d5; .
[[ B o)
Asu:einmgmtionisovcrmesurfaccof!oom.wedividelhemface
of_loopinmmouqualpartssnmdSnalonxlhemid-lhndnwn
in Figure 1. We rewritc Eqn. (3) as:
M= B-dS: B-dSp)/ h. 4
ff Bdsus [[ BN @

When the lengths of the wires are much lerger than tie spacing
between the wices, the magnctic flux linkage in 52 mainly comes

BST&Z

from loapyy, 2nd the magnetic flux linkage in Sz is primarily duc
0 Loop1a. As the current directions in loopt and loopy;: & oppo-
sitc, the directions of the magnetic Auxes in 571 aud Sy are oppo-
site. Therchare, the two infegrations over 521 and 522 cancel each

other:
[[mﬂ-dgzz =- //‘uﬂdgm; o)

Hence, the mutnal inductance betwecn sigoals 1 and 2 is zero:

M=(fj;§~d§z|—fj:”3-d$1)/h=0- ©

In fact, loopys also contributes to the magnetic Gux linkage in
S21. So docs loopy 10 Sz However, their contributions are quite
imsignificant, as these two components of magnetic fux also cancel
each other in the imegration. We ean similarty argue that Ly is zero
because the surfeces of the two loops loopyy and loogna actoally
“Sum” 1o Ze£0-

Al]rhepmcedingdismssiommebasedonmeasmmpﬁondm
the current in a signal line is continuons everywhere. However, this
assgmption is pot valid whea the wire length is sufficiently long
for the tranzmissiop lint effect ko kick in- If parailel termination is
adopmlanhemceivingmdsui‘sipallinzs.mmwmormini-
mal reflections at the recciving ends, Conscquenty, naises gathered
at the victim uets cancel cach other when they reach the recerving
ends. Henco, the mutval inductance is|still z¢ro.

We usc FastHenry [9] to vexify the m of the proposed
twisted-pair layout structure in minimizing coupling inductance,
‘The wire width, height, lcngﬂ:.andspaﬁngmlm?;m 200¢0m,
and 1,0m, respectivaly.

We extract the inducrance matrix ynder two frequencies: a high
frequency of fir = 101 Hz and a low fequoncy of fr = 10°Hz. The
inductance marrices far a normal or sn-twisted stuchoe are given
below:

fu=10%Hz fo=106Kz

74e—-11 622—12 9.le—11 10e-11
62=-12 74c—11 1.0e—11 9le—-11 /-

The diagonal elements arc the self-inductances, and off-diagonal
cntries in the matrix are mutpal inductances. The imductance w3
trices for a twisted-pair structure are given below:

fir = 10'5H2 fo=1001z
73a=11 1.6c—17 B9e—11 1.0e—16
78¢—17 T.4e—11 i 1.le=16 9.de—11 )°

mmunnlindnmforthcwis!wd-pairmwuemapans

We aiso observe thar the matrix is not symmetric, ic, there is a
slight discrepancy between Lyz aod Lz The difference may have
ariten from numerical errors.

4, TWISTED-BUNDLE STRUCTURE
In this section, we gencralize the simple twisted-pir structure

o030

such thar we can pinimize the coupling inducrances withia amnlnple-

igmal bus (hat has more than two signal lines. As in the twisted-pair

mcnne.wewantlocmamfo:ad: current Joop, a complcmentary

and oppositc current loap such that the resultam ymagpetic fux link-
agcinthaun'remlmpofanuoﬁnlmism

Hmzmusamulﬁple-bhbulswithsixsigml Yines and two

Iines. Here, we assume that the 10p three signal lines of

the 6-bit bug share the ground Jinc labelcd 0 @s their currenl rewm

l
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o dcﬂumammingmﬁx.lnaroudngmuix.aoohmmptﬁmts
spmatl tudsed romp a routing regiou in which the net onder romains unchanged. For
sigml 3 === / example, the twistod group in Figure 2 corresponds to the following
dlgmad? rouring matix:
signals p—t o123

\ el g0 1032
gronsd — 2301
3210

Figure 2: MnlﬁleiglmlhBina:wimd-thesuuomm mmwuw“msmmwmmumgnmdm

is labeled 0. Wcﬁnmerasmmematﬁlcreueﬁsigualmla-
bdcdlrhmmnglndxcMswdywpwbemmcd- Before we
‘WW;W

ot
-

S - ".22 "‘
z ofeone” ’

w
A A\ \ signal-gmmdpairamlumnxwithtbesigmlna.sayl.zr.rowy
- S | remalom® mdlhzgmnndlbeOatmwz.mmmustexistawlumninmcma-
1fix such that 1 is at row z, and 0 at row 5. The second cbscrvation
has rwo implications:

pmsentnsysmabcapproa:hforsynmwizingmzmuﬁngmm&
we grate two observations. First, for the signal nes 0 be completely
routsble, each colwmn shauld be a permanon. Second, in orde?

F@c!leoopsdue:bsignllinchﬂgtemﬂlh»O. o T st be at least (¥-+1) cal i the routing matri

. mmmdmomﬁppwmnnmw;inthemuﬁngmar
mm.mmmmmmﬂgnglﬁmgmmmmwunqa tsix. .
their return paths. Inmc:w:stad-pan-suucnne.ﬂnempmallm We shall Bow ider the synthesi of & twisted-bundic
: : withaoddnumberofsignalnm(i.e. N it odd) aod a shared,
andoppoulemncnthaps. lnﬁg\uc?.wemstabmdleofd:clcp ware " . . -
thmesignalliusl,z.andBWiduhegowdﬁnco,w'nﬂeheping wum“évundn;.m%%us&t“?m“m‘f ‘&ﬁ‘:
mcbwommmesignailhcsmm!orun-twiswi]{mwemn beforp presensod netruc roprng

suchauyommcmammed-hcme,mdmmmegwpof z"_l'Am'M°mmmmN=7hgﬁmw

nets (signal tines and!hcgrotmdﬁnc)malucwimdmcmiswd 0123456 7
gm@.momdg;oupofnusmatmmtwistedismueddw 101345672
normal group. 23056 714
Inmcmisted-bxmlﬂcsuuauresbowninﬁgmez.ﬂmmfour 2 4507126
mu:mgregomofeqnal)engthinlhelwismdm. Evory signa 4 56 7023 1
uuinmcmdswdgwpgocs&mghmfwregionsandfm 56 71204 3
fowdiftemn!bopswith(hegmﬁndline& Tn order to elimjuate 5 7123405
iheummalmdmtm.twnofd\ctonrcmmllwpsmﬂloma 724613560

Faﬁmﬁdw,mwnmmcmﬁxmhmamndiagow
cotries afe 0. Asaresult,thcseoondnbaxwﬁonnﬂlwesue_d
sitsloop'swnh&m‘.mhpm':isnfthes e distance to the nor al esrlialntpﬁathuwzshuﬂdwnsuumasymmemcmuﬁugnﬁnx

e : 'th('l+l)=8wlmms if at all possible. To fill in the remaiming

m.wmwmﬂmenmmdﬂmummngnﬁom. with b

Figure 3 lllustates the loops formed by signal 2 and the retam cutrics of the matrix, we perform the following tasks
patb in the four regions. In this example, loapy and loopx cane 1. Fill in the first columa with Cy =[7123456]7 except for
9dmnhoﬂmindleﬂnxlinksgedanyloapinn=m$?;ﬂp- meﬁrslem,wtﬁchisaheadyﬁuedwid:o. Displace 7 ©
bccaused:eya-ewmplemeumyandoppoﬂwcumm g of e ;helastcn:ryinmec.olumn-
mesim.andoﬂhesmdismmemmloopmmsnomal - ..
group. S0 & loop, and 10opa. Hepce, the total flux liviage’ 2 Pufgrmoncx=[71231_5§] a cyclic shifl-up-by-ooe o
msedbysignal?.(anditsreunpmhﬂ):omylwpinmnaml cbwin G, = (1234567 '
group is equal to zero. Therefore, (e mutua) indictance beest 3. Fillinthe second columa with C2 except for the second entry.
ﬁ’?ﬁiﬂiﬁ&ﬁ?&xmf p s 2eto. To e i s aeaty lled with . Displace 10 e st S 2
f » . the column,
4.1 Synthesis of Twisted-Bundle 1n geoeral, we perform an Gt ic hift-up-ry-oo¢ to obsain

‘mehnsicidmofmewimd-bmdlcmﬁsmeuminmme C;..,,;ﬁllinmlunmi+1:mddisplmcxm(ﬁl)-chmincm
mmdmmmmmghmmmlmduhsindiﬁm mthelmwwyiuodumni+l.Weitesm&mmmﬁlwc
ing regions suchmﬂmemm'cﬂuxuﬁes:ﬂawdwonc mrh&es-d\colum.nysymmwy.zwemslmplymsposcm

agnnl-grmmdpairindlffmntmgiouscamcl other in the cur- g-h vow [0 form the routing mawix given . Followmg such
mnnoopofanadmwm Asmemm:beronhenetsinm a construction, we 1D siuthemmingmuixforany
mmalgmpdoesnouﬁeﬁd:emlts,&ewissueweisme numbw(N-—-ﬁn—l)ofnas(seeFigm4).

symhesisohherouﬁngpaminatwimdm meeapplywchmmdonndﬁfurevcnnumbqw=2n)
mmdexinwhichdmsi@alneuappwm&:wimdmnﬂe of sigmal pets? Obsuvethatinthelas:mwofmemntmgmnix.
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(° 1 2 3 4 e e 20=3 25=2 201
1 0 3 4 e 223 20-2 21 2
2 3 0 «» e 213 25=2 2n-1 1 4
3 4 e e 2m=3 21-2 2n—1 1 2
4 o e -3 0 -1 ) 2 3 22
cie e+ 21=3 =2 22-1 0. 2 3 a 1
w 2=3 -2 2—-1 1 2 o 4 3
m-3 2n—2 -1 1 2 3 4 e e e
kzn—z n-1 1 2 3 4 0 -3
Ia—1 2 4 v =2 1 3 e 2n=3 0 /

Figure 4: Routdng marrix for N = 2n— 1 signal oets and & coommon ground line in a twisted group.

the nct number in column ¢ is always larger than the net pomber
in calumn (i — 1) by 2 (modulo N). That is becanse we perform
a cyclic shift-up-by-one operation for the vectar Ciy and a shift
down-by-one for the ground linc 0. When N = 21— 1, the Iast
msuumyfmmsapumuwﬁmmfamwemﬁninthclast
column easily.

Whep N = 2n, however, the last row does not form a permruta-
tio. The first eight coluymns of the following routing matrix are
obtained for N = 8 sigoa) nets by spplying the construction rules
outlined earlier:

s!macomonrenunpam.sndthereisaremnpathforcam
group hold, If thesc assumptions are not valid, then the structare
nmyfailtocﬁ;ninawmemunmlimcmncesbctweenmgwups.
or can only eliminste a pordon of the mutual inductance, Fer
thetopfewsignalnctshmamrmlgmup. for example, they
arcequanyclosewthsgmundlinesabweandbelowmm In
lhiscasc.umuminthscsignalmmmaymmuumghttmup-
per ground line. Nonetheless, for pets in the bottom half of the
normlgmup.thzymmaelﬂnelyzouseonlylhelowermn
pam.Again.wcassum:thnquietnmpposhe-swwﬁng neighbor-

p1z34sers 2L EE3T "’“““m“",,““‘“*““‘“‘“""‘“*"“‘“““"“”“‘"“““’m
345 7 0 4 8 ; - -
53056718314 140658723 ”%mﬁ%"m“;m' . -
345078126 436087215 i 0 groaps are significantly
4367012137 36 58021 4:8 duoed-ln_snamm!ﬁcrmetoaskthcfollawmgqu@pn:w:thma
5 67810341 6587204232 m(bextmemuzdmupcrmewmﬂm)nsuwﬁblw
6 7812303523 587214064 rduced:cnmmalindmfmsi@alnmwhhiuoncgrwpes
781234505 87214364038 we do berween two groups? The answer is no. As long as two sig-
224682460 71358571350

pal nets share one common remrmn path, the mnmal inductance can
pot be reduced by net recrdering. ‘We prove this in the following.

There sre four relative pasitions foc two signal lincs and the com=
mon ground line as illuswated in Figure 5. We examine the induc-
tive noise induced by signal 1 oa signal line 2. We assume that the
current in signal 1 Bows from the left to right, and that it is increas-
ing. The dircetions of the magpetic fux prodoced are depicted by
the round difection symbols in Figure 5. By the Farulay’s law, the
induc:ivenuisa(mnf)onsignamwinu-ylocounmcnbcchangc
ufmagn:ticﬂnxintheloupﬁomdbysigml 2 and the ground.
Therefore, in each of the four cases, the dircerion of this induced
voltagedmponsigmmisﬁommzxiglumlzh.asshowninﬁg-
urc 5. Hence, the mumual inductance cannot be elimi

5. EXPERIMENTAL RESULTS

Pased oo (he twisted-bundle structure, 3 16-bit bus is designed,
as shown in Figore 6. The 16 signals are divided into four groups,
with 4 signals in each group- Twisted groups and noqmal groups
are alternated. To join the adjacent routing regions in the twisted
groups, another metal layer is used. Figore 7 shows part of the stick
dingram of the twisted gronp. In a normal group, the gronnd line

ltisusymdednccrhntinduleﬁhﬂfof&emudhgmnix.
every even-numbered signalne:appcmtwiccinlhclmmvmfvl-
lows:

M24..20-22024.. Z2n-2 0).

In opder bo maintain as much as possible, we transpase
lheﬁrslN/JmuiesoflhelmtwwtothaﬂmN/zenmdthc
(N +1)-th colurm, For the remaining N/2 enmries of the (N +1)-
th column, we use the vester [20—-1 1 3 .. 2n-3)7, in order
to make every calumn a permutation. Therelore, only N/2 entries
inthnhs:mwandN/Zenui&inthclmoo]mnndonotsaﬁsfy
ﬂzereqnircmemtlmmeyhavecomplmwxymdopposiwcmmt
mpsumcmmﬁommemwmupmmmmaw
cnnsuuciadgbxmuﬁngmam:wpmvidclbosemnnlzuum
andoppositeumnﬂwps(secmemuﬁngmm'me=8).

Thcmostdirectappma:hiawgnwmuthebommmwfw
the right routing matrix the following pattern:

(0113 ..2a—3 2a-113 .. 20=3 0]
This can be achieved casily by taking Cy in the 1eft routing matix,

and swapping 1 with 2, 3 with 4, and in general 2i—1 with 24,
€, ={2143 .. 2a20—1]7 is the resultant vecior. We cun apply
Ihzsameoowmclionasbefowmobtainlheﬂghtmﬁngmam
Note that (he fouting matrix is notunique. An alternative routing
mwixeanboohtainedbysimplypcmuﬁngthecolminme
original one.
4.2 Caveats
mmm{ummmwsigxﬁﬁmdycﬁminawmem-
pﬂngipﬁmncasbemsimﬂmminmaxwisunwpmdm
nomnlgmupifﬂ:eassumpﬁonsmazmsignal nct in a gronp

is in the middle, sandwiched between two signal lines above it and
two below it

To show the advantage of the twisted-bundlc atructurc, a tradi-
tional 16-bit bus, which cosists of 4 normal groups, is constructed
for comparison. We refer to it as the normal stucture. The induc-
mmmwmemkiwsofmmshownbduw. Only the
first four columns of the 16x16 mamix are shown. Rows 1 through
4 are for nets within the first group: the rest are the coupling in-
duanncab:meenmminmoﬁmmandmemmaining groups.
We assume that the buses arc 2mm long. For all the metal wires,
the thickness is Imandthcwidthandspncingmbumassumnd
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1 — 2 « - - ——emf 2 - ---—emf 1 —
zeoeeeﬁ X I XN Qo QB

208 6 © emf G l'@@@@@ @O O6

m_mm._ oy wmmu'__ T3 T 2 —_"'"“emf

(a) b . © @
Figure 5: Two signals sharing a common rctn path.
= Twisted Group | Table 1: Inptit paterns for investigating the nojsc levels in signal 8.

Wire Index: | 0123456789ABCDEF
Pamemn 1 (G000000£0£000000
Paitern 2 0000££££0222£000

1l

=
— Normal —
o Normal Group Patem3 | 000O£££r0r£££000
- - Patternd | 2£$44L1LOLELTRL
E Twisted Group E Pattern 5 2L PELXQrRTLEfL
— inductance patrix of the cructure is gi 2
No Grow £ The ce of normal s is given below

(1.8e-o9 8.82~10 4.4e—10 6.02—10
8.83¢—10 122—09 32:-10 44¢—10
44e—10 3210 1.26—09 8.8e=10
6.0¢—10 4.4c=10 88e—10 1.8¢—09
70e—11 42e—11 73e~11 23¢—10
28e—11 16e—11 26a~11 73e—11
[| M ! — 20c—11 Vle~I1l 162—11 42-11
L | — - J4e—11 2.0e~11 28—11 7.0e—11
=T j-—l I 16e—11 90e—12 lle—11 261l
; . }. F 73¢—12 4.0e—12 5.0e—12 1lr=11
| 6le—12 33c=12 40e—12 9.00—12
1de—11 6.lc—12 73c=12 16s—11
2e— —12 —12 96ee
Fignre7:sﬁckdimmofthclayoutfouwimdgrpup(notm 733‘_3 ::f%:—lz ﬁ_}z Zj:_g
w scale). : 2090~12 16e—12 1.8—12 3.8:—12
' \ 5.6e—12 29c—12 33¢~12 7212}

N As we can see, the munsnl inductances berween sipnal nets within
to be 1;m. The spacing between the two metal laycrs is 1om. Tho the first group are similar in both marrices. The mumal inductances
inductance matrix of the twisted-bundle structare is given below: betwmsignalnelsinlheﬁmtwistedgmnpandtbetwowmal

groups sre about two ordexs of magnitude smaller than those be-
tween comesponding nets in tho pormal structure. The mutual in.

Figure 6: A 16-bit signal bus in a twisted-bundle structure.

[ 1.5¢—09 59¢—10 82¢~10 84e~10 ductances between e two twisted groups wrc not zero. As the two

$9¢—10 1.5¢=00 8.de—10 8.%—10} groups are separated by a pormal group, the distance betwoen them
82¢—10 84¢~10 1.8¢—-09 lle—0 makes the mutual inductances smaller than those in the first group.
84e—10 826—10 11e=09 18&-09 | We also extract the capacitance and inductance valoes foe dif-
3.6e=13 52¢~13 54e-13 1.0c-12 ferent wire lengths, and simulate the resulting RLC networks in
26¢—13 32¢—13 1.7e-13 3.6¢-13 SPICE using different input pattems at 1GHz and 2GHz signal fre-
20e—13 25e—~13 lle—13 24e-13 quencies. Wire lengths are Limm, 2mm and dmm, representing typi-
3.6e~13 44e—13 192-13 4le—13 cal top-level global wires between repeaters or gates ju high-tpeed
12s-11 81la=13 98e—12 5.8e=12 circuits [5]. Ror all traces, the drivers are 160X of the miRkqum
79¢—13 12—11 98 —12 9.7e-12 invexter in a repreesntmive 0. 18zm CMOS technology with 1.5V
lle—11 87¢—12 27:=11 2le-11 V.44, and the reccivers are 40X of the minimum inverter.
88—12 lle—11 2Ul2=11 27e-11 Table 1 describes the input pattemns used in the simmlations. We
722=14 932—14 40:—14 20e-14 index the signals in a 16-bit bus from O to F. Non: thar wire 0 here
33e—14 4.3¢—14 19¢-14 37e-—14 is nat the ground wire. In this taMe, 'z’, ‘£, und ‘0" stand for
29614 38e—14 16e—14 33c—14 ‘rising’, ‘falliog’, and ‘quiet’, respectively. The riso and fall times

\ 5.5¢—14 720—14 3.le—14 62¢—14 } of the signals arc assumed to be one-tenth of the clock period. All
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Table 2: Comparison of nodse levels berween the wwisted-bundle
al stra

Noise (V)
Length freq=1GHz froq=2GHz
(prum) Twisted | Normal | T1wasted | Nommal
1 0.05 0.17 0.07 025

0.23 025 032 0.40
Q13 0.16 0.18 028
0.23 0.26 038 0.39
0.12 0.18 0.18 0.28
0.09 036 0.11 0.42
038 0.46 044 0.55
0.18 035 023 0.46
0.37 047 044 0.55
0.18 0.34 023 D.48
0.14 0.55 Q.15 059
051 066 0s3 0.67
021 0.51 023 055
0.53 0.66 0354 0.68
0.23 0.49 0.24 0.55

P B e LRl A
8

Table 3: Compmisonofnmimnmdr.lzysbet\vcmthclwiswd-

bundle angd normal & X

Maxiam delay (ns)
Length,froq |[“Twisted Structure | Narmal

twisted | normmal | Structore
Tmom1GHz || 0.040 | 0.041 | 0.041
1mm2GHz || 0033 | 0m3 | 0034
Tmm1GHz || 0.068 | 00713 | 0.022
2mm2GHz | 0061 | 0067 | 0.065
Amm,IGHz || 0.140 0.146 | 0.145
4mm2GHz || 0120 | 0138 | 0137

switching signals switch at the same time. Teble 2 shows the poise
levels mecasared at the far end of the victim signal 8. From the
simulation results, we obscrve that the ewisted-bundle soucture can
cffectively reduce the coupling noise. For 1ron wire, we achieve
4% to 72% noise reduction; for 2mm wire, 18% to 76%; and for
4mm wire, 20% w 75%. Simlar results are obtained when we use
input patterns obtained by substitutiog r* for 2 and ‘£’ for *g’ in
the five input patterns kisted in Tuble 1.

The impact of the twisted-bundle structuve on sigual delay iz
nlsoinvesﬁgmni.ﬁ.einpmmmsimﬂwmmunhﬂel
except that sipnal 8 is also switching (both high and Jow) instead
of being quict Table 3 summarizes the maximum delays found

for the twisted-bundle and norwmal structures. The second and third .

columns in Table 3 list the maximum delays of nets in the twisted
pgroups ad normal groups of the twisted-buadle structure, respecs
tively;d:efmmhcommnliststhemaximmdelaysofmtsinm
nosmal struchore.  Although every wire in a twisted group has a
Jouges wire kength, a higher resistance, and a higher capacimnce
than wires in 8 normal group, the simularion results show thax wire
twisﬁnghmmhximalimpmonmemuimumdelays. The max-
imum for twisted wires and normal wires in the twisted-
Bundle stemre do got differ by more than 10%. The differences
betwcen the maxirmin delsys of the twisted structare and normal
stnitiure arc gven smaller.

6. CONCLUSION
In this paper, we present the twisted-bundle layont struciure. In-

BST&Z

ductance extraction with PastHenry shaws the effectiveness of this
stnicrare in minimizing mumal inductance. SPYCE simulation ro-
sults also show that it ¢an coasiderably reduce the coupling; noise.
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Docket No.: 42390.P13294
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For: INTERCONNECT SWIZZLING FOR | transmitted to the United States Patcnt and Trademark

CAPACATIVE AND INDUCTIVE Office, Fax No. (703)_§72-9306____ =
NOISE CANCELLATION

on PIIRAL Y,

APPELLANT’S BRIEF UNDER 37 CFR § 1.192
IN SUPPORT OF APPELLANT’S APPEAL YO THE BOARD OF PATENT
APPEALS AND INTERFERENCES

Mail Stop Appeal Brief-Patents
Commissioner of Patents

PO Box 1450

Alexandria, VA 22313-1450

Dear Sir:

Appellant hereby submits this Brief in triplicate in support of an appeal from a final
decision of the Examiner, in the above-referenced case. Appellant respectfully requests
consideration of this appeal by the board of Patent Appeals and Interference for allowance

of the above-referenced patent application.
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L Real Party in Interest

The real party in interest in the present appeal is Intel Corporation of Santa Clara,

California, the assignee of the present application.

0. Related Appeals and 'Interfcrcnces

There are no related appeals or interferences to appellant’s knowledge that would

have a bearing on any decision of the Board of Patent Appeals and Interferences.

. Status of the Claims

Claims 1-23 and 26-38 are allowed
Claims 24 and 25 stand rejected under 35 USC § 102(b) as allegedly being

anticipated by US Patent 5,534,732 (DeBrosse).

IV.  Status of Amendments

A preliminary amendment, submitted by appellant on 6/7/2002 was em:ered. An
official response to a first Office Action mailed 7/15/2003 was submitted by appellant on
11/17/2063 and was entered. A Final Office Action was mailed on 1/28/2004. Appellant
responded by submitting an amendment and official response after final on 3/23/2004,
which was entered and an Advisory Action was mailed 5/4/2004. A Notice of Appeal
was transmitted on 4/28/2004, and an appeal ensued.

Accordingly, the claims stand as of the entered amendment of 3/23/2004, and are

reproduced in clean form in the Appendix.

42390.P13294 3.
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V. Summary of the Invention

Appellant’s disclosure describes a process to employ swizzling that provides
capacitive and inductive noise cancellation on a set of concurrently active signal lines. A
positive noise due to a capacitive coupling between an attacker signal line and a near
victim signal line is, in part, cancelled by a negative or opposite noise due to an inductive
coupling between the attacker signal line and a far victim signal line. A swizzling pattern
is set forth whereby signal lines of one segment are reordered to transpose near victim
signal lines and far victim signal lines in subsequent segments to facilitate the capacitive
and inductive cancellation. The swizzling pattern is selected to further facilitate similar
capacitive and inductive noise cancellation among the other signal lines of the set.

In some embodiments, the process continues to employ the swizzling pattern in
multiple stages to place each signal line adjacent to every other signal line of the set in
some swizzle stage. In some alternative embodiments, swizzling patterns may be selected
which place each signal line adjacent to every other signal line of the set in some
predetermined number of swizzle stages. Subsequent stages of swizzling provide the set of
signal lines with capacitive and inductive noise cancellation in addition to the capacitive
and inductive noise cancellations of previous stages. The signal lines are optionally
reordered by a final swizzle stage to restore the set’s original order. In some embodiments,
swizzling patterns may be selected from cyclic swizzle groups such that repeating the
swizzling pattern automatically restores the set’s original order and/or places each signal
line adjacent to other signal lines of the st in a predetermined number of swizzle stages.

In some embodiments, a plurality of S swizzle stages may be inserted to provide
capacitive and inductive noise cancellation within a set of N concurrently active signal
lines, S being computed for a particular value of N according to the equation:

N*/2—(2S4+3)NR2 +S +1=0.

42390.P13204 ' -4-
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VL  Issues
1. Is claim 24 anticipated by DeBrosse?

2. Is claims 25 anticipated by DeBrosse?

VIL Grouping of Claims (Independent Claims Bolded)

For the purposes of this appeal, claims 24 and 25 do not stand or fall together.

Group I Means for Providing Multiple Capacitive and Inductive Noise
Cancellation Stages.

~ Claim 24.

Group II: Means for Providing Multiple Capacitive and Inductive Noise
Cancellation Stages and Restoring Initial Order.

Claim 25.

42390.P13294 -5-
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VIII. Argument

A. Claim 24 Ts Not Anticipated by DeBrosse

Claim 24 stands rejected under 35 USC § 102(b) as allegedly being anticipated by
US Patent 5,534,732 (DeBrosse).

The MPEP § 2131 states that:

*A claim is anticipated only if cach and every clement as set forth in the claim is found, either
cxpressly or inherently described, in a single prior art reference.” Verdegaal Bros. v. Union Oil Co.
of California, 814 F.2d 628, 631, 2 USPQ2d 1051, 1053 (Fed. Cir. 1987).

Appellant respectfully submits that in the cited reference, each and every element

as set forth in the Group I claim is not found, either expressly or inherently described.

Claim 24, for example, sets forth:

24. (Original) An interconnect comprising:
a set of N active signal lines having an initial order;
means for providing the set of signal lines with a fixst capacitive and
inductive naise cancellation; and;
means for providing the set of signal lines with a second capacitive and
inductivc noise cancellation in addition to the first capacitive and inductive noise
cancellation.

The invention of DeBrosse relates to a single crossing region that traverses paired
true/complement line conductors such that intra-pair capacitive coupling is avoided and
inter-pair capaciti\(c coupling is matched (abstract; col. 2, lines 47-51; Figs 5 and 7-10).

The Final Office Action states (emphasis added):

“DeBrosse et al. teach an interconnection layout comprising a set of N active signal lines having an
initial order (as shown in Figure 5 for cxample); means for providing the set of signal lines with a
first capacitive and inductive noise cancellation; and means for providing the set of signal lines
with a second capacitive and inductive noise cancellation in addition to the first capacitive and
inductive noise cancellation (shown in Figure 5 for example). DeBrosse et al. show capacitive
noise cancellation. Since capacitive and inductive parasitics arc inherently included in conductive
line[s), thus capacitive noise cancellation inherently includes inductive noise cancellation.”

Appellant respectfully disagrees. Appellant submits that (1) in the first region of
42390.P13294 %
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DeBrosse, the signal lines are in their jnitial order where DeBrosse states that intra-pair
capacitive coupling between true and complement lines is avoided not cancelled (col. 6,
lines 1-23; Fig. 5).

Appellant further submits that (2) in the second region of DeBrosse, capacitive
coupling between pairs is matched snch that a line which was disposed adjacent to a true
signal line of a pair in the first region is then disposed adjacent to the complemented
signal line of the pair in the second region and vise-versa. For example the signal labeled
2-bar is adjacent to the signals labeled 1-bar and 3 in the first region and then adjacent to
their complements labeled 1 and 3-bar in the second region (Fig. 5). Thus, in DeBrosse,
the set of signal lines is provided with a single cancellation of the capacitive couplings
from the true and complemented signal lines (col. 6, lines 1-27; Fig. 5).

On the other hand, claim 24 sets forth means for providing the set of sigunal lines
with a first capacitive and inductive noise canceliation, and means for providing the set of
signal lines with a second capacitive and indnctive noise cancellation in addition to the
first capacitive and inductive noise cancellation. DeBrosse does not describe, either
expressly or inherently, providing the set of signal 1in€s with a second capacitive and
inductive noise cancellation in addition to the first capacitive and inductive noise
cancellation.

Appellant further submits that (3) from the presence of inductive parasitics in line
conductors it can not be concluded that capacitive noise cancellation inherently includes
inductive noise cancellation.

In re Robertson, 169 F.3d 743, 745, 49 USPQ2d 1949, 1950-51 (Fed. Cir. 1999):

To establish inherency, the extrinsic evidence "must make clear that the missing descriptive matter
is neccssarily present in the thing described in the reference, and that it would be so recognized by

42390 P13294 -7-
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persons of ordinary skill.” Continental Can Co. v. Monsanto Co. , 948 F.2d 1264, 1268, 20
1.5.P.Q.2d 1746, 1749 (Fed. Cir. 1991).

The existence of inductive parasitics does not make it clear that the missing
descriptive matter, “capacitive and inductive noise cancellation,” is necessarily present in
the technique described in the reference. The examiner does not provide objective
evidence or cogent technical reasoning to support the conclusion of inherency.
Capacitive coupling is strongly related to the proximity of the signal lines, which is
addressed by DeBrosse. On the other hand, for inductive coupling it is not so piuch the
proximity of a signal line to an attacker signal line as it is the surface area of a current
loop or current loops formed by the attacker signal line and its closest return path, which
is not addressed by DeBrosse. One signal line may be inductively coupled to many or all
of the other signal lines and DeBrosse addresses only adjacent signal lines and their
paired complemeqt signal lines.

Appellant provides the following article as extrinsic evidence that the missing
descriptive matter would not be recognized by one of skill in the art as being necessarily

present in the technique described by DeBrosse.

Exhibit A; Guoan Zhong et al., A Twisted-Bundle Layout Structre for Minimizing Inductive
Coupling Noisc, International Conference on Computer-Aided Design, Nov. 5-9, 2000.

Referring to subsection 4.2 titled “Caveats,” paragraphs 2 and 3 and Figure 5, the
anthors address the question of whether it is possible to reduce mutual inductances within
a group of signal lines sharing a common return (such as the one shown in Fig. 11 of
DeBrosse) by reordering the positions of signal lines within the group. They conclude
that it is not.

Finally, appellant submits that (4) DeBrosse should not be considered equivalent

42390.P13294 8
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under 35 U.$.C. 112, paragraph six, to the subject matter set forth in claim 24.

The MPEP § 2181 states that:

When making a determination of patentability under 35 U.S.C 102 or 103, past practice was to
interpret a "means or step plus function™ limitation by giving it the "broadest reasonable
interpretation.” Under the PTO's long-standing practice this meant interpreting such a limitation as
reading on any prior art means or step which performed the function specified in the claim without
regard for whether the prior art means or step was equivalent to the comresponding structure,
material or acts described in the specification. However, in Donaldson, the Pederal Circuit stated:

Per our holding, the "broadest reasonable interpretation” that an exarniner may give means-plus-
function language is that stamitorily mandated in paragraph six. Accordingly, the PTO may not
disregard the strucnme disclosed in the specification comesponding to such languege when
rendering a patentability determination.

While appellant intends that the broadest reasonable interpretation should be
given to claims 1-23 and 28-38, all of which have been allowed, the means-plus-function
form of claim 24 may not be modified by language containing sufficient structure,
material or acts for achieving the specified function. Therefore claim 24 should be
construed to cover the corresponding structure, material or acts described in the
specification and equivalents thereof.

The MPEP § 2181 also states that:

[Ulnless an element performs the identical function specified in the claim, it cannot be an
equivalent for the purposes of 35 U.S.C. 112, sixth paragraph. Peanwalt Corp. v. Durand-
Wayland, Inc., 833 F.2d 931, 4 USPQ2d 1737 (Fed. Cir. 1987), cent. denied, 434 U.S. 961 (1988).

For example, as described in paragraph [0041] of the specification for the present
application, in a process to employ swizzling that may provide capacitive and inductive
noise cancellation on a set of signal lines, a positive noise due to a capacitive coupling
berween an attacker signal line and a first victim signal line is, in part, cancelled by a
negative or opposite noise due to an inductive coupling between the attacker signal line
and a second victim signal line.

Paragraph [0046] explains a key observation is that by reversing the positions of

42390.P13294 9
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the near victim signal line and far victim signal line with respect to the attacker in a
subsequent interconnect segment, a partial cancellation of the capacitive and inductive
noise voltages may be provided Therefore, it will be appreciated that a partial
cancellation of capacitive and inductive noise may be provided in a subsequent
interconnect segment by a s-wizz]ing of a set of signal lines.

Paragraph [0049] also explains that typically the inductive noise from one attacker
is weaker than the capacitive noise form one attacker. A key observation is that
additional swizzling may be used to provide subsequent stages of further capacitive and
inductive noise cancellation for the set by balancing the number of signal lines that are
near neighbors in subsequent stages.

DeBrosse does not suggest capacitive and inductive poise cancellation as
disclosed in appellant’s specification or equivalents thereof, but rather shows a technique
for avoidance of capacitive coupling between pairs of true/complement line conductors,
and capacitive matching between the. true/complement line conductors of one pair and
those of its neighbor pairs (col. 1, lines 11-15, col. 2, lines 56-67 and col. 3, lines 1-5).
DeBrosse admits that his layout is applicable only; to interconnection arrays having a
plurality of paired true/complement line conductors (col. 3, lines 28-30).

Appellant respectfully submits that a person of ordinary skill in the art would not
bave recognized an interchangeability of DéBrosse (which relies upon capacitive
matching between the true/complement line conductor pairs) and the capacitive and
inductive noise cancellation disclosed in appellant’s specification (which does not rely
upon such characteristics of true/complement line conductors).

Even if capacitive matching between the true/complement line conductors could
42390.P132%4 -10-
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be considered equivalent to the capacitive and inductive noise cancellation function set
forth in claim 24, DeBrosse performed it in a substantially different way (by alternating
the capacitive coupling of true and complement line conductors and requiring twice as
many signal lines as the method disclosed in appellant’s specification) with a
substantially different result (a single crossing region versus repeatedly swizzling to
balance the number of signal lines that are near neighbors for subsequent capacitive and
induftive noise cancellation).

DeBrosse does not eley or inherently describe equivalent means for
providing the set of signal lines with a second capacitive and inductive noise cancellation
in addition to the first capacitive and inductive noise cancellation. DeBrosse shows a
technique including, “forming a single crossing region including crossing the line
conductors of each pair once;” (col. 3, lines 13-15). DeBrosse discloses reordering the
signal lines only once (col. 3, lines 22-24 and col. 7, lines 63 through col. 8, line 2). Even
DeBrosse’s title, “Single Twist Layout and Method for Paired Line Conductors of
Integrated Circuits,” admits the nonequivalence of the prior art element of DeBrosse for
allegedly performing the function set forth in claim 24.

Accordingly in light of the argument presented above, appellant respectfully

submits that independent claim 24 is not anticipated by DeBrosse.

42390.P13294 ) -11-
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B. Claim 25 Is Not Anticipated bv DeBrosse

Claim 25 stands rejected under 35 USC § 102(b) as allegedly being anticipated by
US Patent 5,534,732 (DeBrosse).

In accordance with the arguments presented above with regard to the patentability
of claim 24, appellant believes that claim 25 is patentable, first, for including all of the
limitations of claim 24, and additionally for the reasons described below.

The MPEP § 2131 states that:

“The identical invention must be shown in as complete detail as is contained in the ... claim.”
Richardson v. Suzuki Motor Co., 868 F.2d 1226, 1236, 9 USPQ2d 1913, 1920 (Fed. Gir. 1989).

Appellant respectfully submits that in the cited reference, each and every element
as set forth in the Group II claim is not found, either expressly or inherently described in
as complete detail as is contained in the claim.

Claim 25, for example, sets forth:

25. {Original) The interconnect of Claim 24 further comprising:
means for restoring the initial order of the set of signal lines.

As stated above, the invention of DeBrosse relates to a single crossing region that

* traverses paired true/complement line conductors such that intra-pair capacitive coupling

is avoided and inter-pair capacitive coupling is matched (abstract; col. 2, lines 47-51).

Clearly, the initial order of the set of signal lines is not restored by the single crossing
reéion of DeBrosse (see for example Figs 5 and 7-10).

The Final Office Action states:

“DeBrosse et al. teach that signal lines in the crossing region are reordered in the third region in
order to obtain inital signal lines in the first region or as original signal lines configuration in
initial stage, where the signal Jines are substantially parallel (Please se Figs. 5,7, 8,9, 10 and 11).”

Appellant respectfully disagrees. Appellant submits that (1) in the first region of
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DeBrosse, the signal lines are in their initial order and that initial order is not restored by
any means.

Referring to Figure 5, for example, DeBrosse states that in the first region line
conductor 1 is disposed adjacent to line conductor 2 and line conductor 1-bar is disposed
adjacent to line conductor 2-bar (col. 6, lines 1-6). In contrast, opposite the crossing
region, line conductor 1 is disposed adjacent to line conductor 2-bar and line conductor 2
is disposed adjacent to line conductor 3-bar, which is not the same order as their initial
order (col. 6, lines 7-13). DeBrosse refers to the pattern applied to initially ordered lines
1, 2, 1-bar, and 2-bar respectively as “down 1,” “down 3,” “up 3,” and “‘up 1,” (col. 6,
lines 16-17).

Further, as stated above with regard to claim 24, the means-plus-function form of
claim 25 may not be modified by language containing sufficient structure, material or acts
for achieving the specified function. Therefore claim 25 should be construed to cover the
corresponding structure, material or acts described in the specification and equivalents
thereof. |

Appellant submits that (2) DeBrosse should not be considered equivalent under 35
U.S.C. 112, paragraph six, to the subject matter set forth in claim 25.

For example, as described in paragraphs [0094] and [0095] of the specification for
the present application with reference to Figure 10, it will be appreciate& that repeated
compositions of ¢ and d generate swizzle groups with respect to an initial order
{1,2,3,4,5,6,7.8}) as follows:

d=1{74136852}, d ={24,163857},

={537,18264}, & ={4628,1735},
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2=161512483), &=1{68472513}
¢ =1{87,6543.21), d=1{87654321}
& =1{25863,147}, d&={75836142},
S=146281735), d°={537,18264},
I ={38427516), d={31527486}
Ff={12345678}, o ={1,2345678}

Jt will be further appreciated that a swizzling pattern given by ¢/, ¢!, . ¢, may be
employed using swizzling 1041 repeatedly and optionally restoring the initial order of the
set using swizzling 1045. |

Similarly, Figures 4a-b, 10a-c, 11b, and 13a-d illustrate alternative embodiments
where the initial order of a set of signal lines may be restored by swizzling patterns which
may be conveniently selected from swizzle groups.

DeBrosse does not expressly or inherently describe equivalent means for restoring
the initial order of the set of signal lines. The techmiques of DeBrosse use a single
crossing region crossing the line conductors of each pair only once and reordering the
signal lines exactly once (col. 3, lines 13-24 and col. 7, lines 63 through col. 8, line 2).

Appellant respectfully submits that a person of ordinary skill in the art would not
have recognized an interchangeability of the single crossing region of DeBrosse and the
swizzling patterns disclosed in appellant’s specification for restoring the initial order of
the set of signal lines.

Additionally, appellant believes that since the single crossing region of DeBrosse
performs a substantially different function (matching true/complement signal line pairs)

in a substantially different way (reordering the signal lines exactly once), it is not
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equivalent for allegedly performing the function of restoring the initial order of the set of

signal lines set forth in claim 25.
Accordingly in light of the argument presented above, appellant respectfully

submits that dependent claim 25 is not apticipated by DeBrosse.
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Conclusion

Appellant submits that all claims now pending are in condition for allowance.

Such action is eamestly solicited at the earliest possible date. If there is a deficiency in

fees, please charge our Deposit Acct. No. 02-2666.

Respectfully submitted, :
Lakrened M. Mehnemeier, Reg. No. 51,003
12400 Wilshire Boulevard
Seventh Floor
Los Angeles, CA 90025-1026
(408) 720-8598
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X. Appendix A: Claims Allowed and Involved in Appeal (Clean Copy)

1. (Original) A method comprising:

swizzling a set of N concurrently active signal lines into a first order to provide a
first stage Iof capacitive and inductive noise cancellation for a first plurality of signal lines
of the set; and

swizzling the set of N concurrently active signal lines again into a second order
different from the first order to provide a second stage of further capacitive and inductive
noise cancellation for the first plurality of signal lines of the set.

2. (Original) The method of Claim 1 wherein a first signal line of the set is adjacent
to a first subset of the set of N concurrently active signal lines in the first stage and

_ swizzling the set of N concurrently active signal lines again places the first signal Line
adjacent to a second subset of the set of N concurrently active signal lines in the second

stage, the first subset and the second subset being disjoint.

3. (Original) The method of Claim 2 wherein the first signal line of the set is
adjacent to a third subset of the set of signal lines in an initial order of the set of N
concurrently active signal lines and swizzling the set of signal lines places the first signal
line adjacent to the first subset of signal lines in the first stage, the first subset and the
third subset being disjoint. ‘

4, (Original) The method of Claim 1 wherein the set of N concurrently active signal
lines have a substantially common origin and a substantially common destination.

5. (Original) The method of Claim 1 wherein swizzling the set of N concurrently
active signal lines comprises reordering N signal lines for concurrently carrying N bits of
information in substantially parallel signal tracks on a substantially planar substrate by
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routing each of a second plurality of said N signal lines from a corresponding pre-
swizzling signal track directly to a corresponding post-swizzling signal track, optionally
via a substantially paralle] planar layer.

6. (Original) The method of Claim 5 wherein each swizzling of the set of N
concurrently active signal lines is accomplished by inserting a single swizzle cell.

7. (Original) The method of Claim 1 comprising swizzling the set of N concurrently
active signal lines to provide S stages of capacitive and inductive noise cancellation and
optionally providing an additional stage to restore an initial order of the set, wherein each
of the N concurrently active signal lines of the set is placed adjacent to every other signal
line of the set in some stage of the S stages, S being computed from N according to the
equation:

N2 — (25+3)N/2 +S +1=0.

8. (Original) An article of manufacture comprising
a machine-accessible medium including data that, when accessed by a machine,

cause the machine to perform the method of Claim 7.

9. (Original) An article of manufacture comprising
a machine-accessible medium including data that, when accessed by a machme
cause the machine to perform the method of Claim 6.

10. (Original) An article of manufacture comprising
2 machine-accessible medium including data that, when accessed by a machine,
cause the machine to perform the method of Claim 3.

11.  (Original) An article of manufacture comprising

a machine-accessible medium including data that, when accessed by a machine,
cause the machine to perform the method of Claim 1.

42390.P13294 -18-

PAGE 52196 * RCVD AT 6124/2004 5:56:01 PM [Eastemn Daylight Time] * SVR:USPTQ-EFXRF-1/2* DNIS:8720306 * CSID:408 720 9397 * DURATION mm-ss):27-40



06/25/2005 15:10 FAX 408 720 9397 - BST&Z @053

12.  (Original) The method of Claim 1 wherein the first stage of capacitive and
inductive noise cancellation and the second stage of further capacitive and inductive noise

cancellation reduce capacitive and inductive noise due to switching within the set of

signal lines.

13.  (Original) The method of Claim 1 wherein concurrently active indicates that each
of the N signal lines may be switched in a single transmission cycle.

14.  (Original) An apparafus comprising: v

a set of N signal lines configurable to transmit N bits of information in a
transmission cycle, the signal lines being substantially parallel and having a first portion
with a first signal line order;

a first swizzle stage of the set of N signal lines having a second portion with a
second signal line order, wherein a first signal line of the set is adjacent to a first subset of
the N signal lines in said first portion and the first signal line is adjacent to a second
subset of the N signal lines in said second portion, the first subset and the second subset
being disjoint; and

a second swizzle stage of the set of N signal lines having a third portion with a
third signal line order, wherein the first signal line of the set is adjacent to a third subset
of the N signal lines in said third portion, the first subset the second subset and the third
subset being disjoint.

15.  (Original) The apparatus of Claim 14 wherein the set of N signal lines have a
substantially common origin and a substantially common destination.

16.  (Original) The apparatus of Claim 14 comprising
said set of N signal lines in substantially parallel signal tracks on & substantially
planar substrate;

each of a first plurality of the N signal lines being routed from a corresponding
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signal track in the first portion, according to the first signal line order, directly to a
corresponding signal track in the second portion, according to the second signal line
order, optionally via one or more substantially parallel planar layers; and

each of a second plurality of the N signal lines being routed from a corresponding
signal track in the second portion, according to the second signal line order, directlyto a
corresponding signal track in the third portion, according to the third signal line order,

optionally via the one or more substantially parallel planar layers.

17.  (Original) The apparatus of Claim 14 wherein the first swizzle stage of the set of
N lines comprises a swizzle cell coupling the first portion with the second portion.

18.  (Original) The apparatus of Claim 17 wherein the second swizzle stage of the set
of N lines comprises a swizzle cell coupling the second portion with the third portion.

19,  (Original) The apparatus of Claim 14 comprising

a plurality of S swizzle stages to provide capacitive and inductive noise
cancellation within the set of N signal lines, wherein each of the N signal lines of the set
is placed adjacent to every other signal line of the set in some swizzle stage of the S
swizzle stages, S being computed for a particular value of N according to the equation,
N%/2 — (2S+3)N/2 + S + 1 = 0; and

an optional final stage to restore an initial order for the set of N signal lines.

20.  (Original) The apparams of Claim 14 wherein the third portion of the second
swizzle stage places no signal line, of the set of N signal lines, adjacent to one of the
same signal lines that they are adjacent to in the second portion of the first swizzle stage.

21.  (Original) The apparatus of Claim 20 wherein the second portion of the first
swizzle stage places no signal line, of the set of N signal lines, adjacent to one of the
same signal lines that they are adjacent to in the first portion.
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22.  (Original) The apparatus of Claim 21 wherein the third portion of the second
swizzle stage places no signa) line, of the set of N signal lines, adjacent to one of the
same signal lines that they are adjacent to in the first portion.

23.  (Origina!) The apparatus of Claim 14 comprising

a first swizzle cell to reorder the set of N signal lines from the first signal line
order into the second signal line order;

a second swizzle cell to reorder the set of N signal lines from the second signal
line order into the third signal line order; and

an optional third swizzle cell to restore an initial order for the set of N signal lines.

24.  (Original) An interconnect comprising:

a set of N active signal lines having an initial order;

means for providing the set of signal lines with a first capacitive and inductive
noise cancellation; and;

means for providing the set of signal lines with a second capacitive and inductive

noise cancellation in addition to the first capacitive and inductive noise cancellation.

25. (Original) The interconnect of Claim 24 further comprising:

means for restoring the initial order of the set of signal lines.

26.  (Previously Amended) An interconnect comprising:

a set of N active signal lines having an initial order;

means for providing the set of signal lines with a first capacitive and inductive
noise ¢ancellation;

means for providing the set of signal lines with a second capacitive and inductive
noise cancellation in addition to the first capacitive and inductive noise cancellation; and

means for restoring the initial order of the set of signal lines, wherein the means
for restoring the initial order of the set of signal lines provides the set of signal lines with

a third capacitive and inductive noise cancellation in addition to the first and second
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capacitive and inductive noise cancellations.

27.  (Original) The interconnect of Claim 26 wherein the set of signal lines contains an
even number of signal lines.

28.  (Original) An article of manufacture comprising:
a machipe-accessible medium including data that, when accessed by a machine,

cause the machine to:

insert a first swizzle stage to provide a set of N concurrently active signal lines
having a first signal line order, with a second signal line order, where in the first signal
line order, a first signal line of the set is adjacent to a first subset of the N signal lines and
in the second signal line order the first signal line is adjacent to a second subset of the N
signal lines, the first subset and the second subset having no signal lines in common; and

insert a second swizzle stage to provide the set of N concurrently switched
signal lines with a third signal line order, where in the third signal line order the first
signal line is adjacent to a third subset of the N signal lines, the first subset, the second

subset and the third subset having no signal lines in common.

29.  (Original) The article of manufacture of Claim 28 wherein the second signal line
order of the first swizzle stage provides a capacitive and inductive noise cancellation by

placing the first signal line adjacent to the second subset of the N signal lines.

30.  (Original) The article of manufacture of Claim 29 wherein the third signal line
order of the second swizzle stage provides an additional capacitive and inductive noise
cancellation by placing the first signal line adjacent to the third subset of the N signal
lines.

31.  (Original) The article of manufacture of Claim 30 wherein the first capacitive and
inductive noise cancellation and the additional capacitive and inductive noise cancellation

reduce capacitive and inductive noise due to switching within the set of N concurrently
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active signal lines.

32,  (Original) The article of manufacture of Claim 28 wherein the third signal line
order of the second swizzle stage places no signal line, of the set of N concurrently active
signal lines, adjacent to one of the same signal lines that they are adjacent to in the second
signal line order of the first swizzle stage.

33. (Original) The article of manufacture of Claim 32 wherein second signal line
order of the first swizzle stage places no signal line, of the set of N concurrently active
signal lines, adjacent to one of the same signal lines that they are adjacent to in the first .
signal line order.

34. (Original) The article of manufacture of Claim 33 further including data that when
accessed by the machine, cause the machine to:

insert a third swizzle stage to restore the set of N concurrently active signal
lines to their original order.

35.  (Original) The article of manufacture of Claim 28 wherein concurrently active
indicates that each of the N signal lines may be switched in a transmission cycle.

36. (Original) The article of manufacture of Claim 28 further including data that when
accessed by the machine, cause the machine to:

insert a plurality of S swizzle stages to provide capacitive and inductive noise
cancellation within the set of N concurrently active signal lines, wherein each of the N
signal lines of the set is placed adjacent to every other signal line of the set in some
swizzle stage of the S swizzle stages, S being computed for a particular value of N
according to the equation

N%/2 - (28+3)N/2 + S + 1 =0; and
insert an optional swizzle to restore an initial order for the set of N

concurrently active signal lines.
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37.  (Original) An apparatus comptising:

a set of N concurrently active signal lines, the signal lines being substantially
parallel and having a first signal line order;

a plurality of swizzle cells linking segments of the set of N concurrently active
signal lines, the plurality of swizzle cells transposing near victim signal lines and far
victim signal lines in subsequent segments to facilitate capacitive and inductive noise
cancellation within the set of N concurrently active signal lines; and

an optional swizzle cell to restore an initial order for the set of N concurrently

active signal lines.

38. (Original) The apparatus of Claim 37 wherein concurrently active indicates that

each of the N signal lines may be switched in a single transmission cycle.
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Exhjbit A

Guoan Zhong et al., A Twisted-Bundie Layout Suucture for Minimizing Inductive Coupling Noise,
International Conference on Computer-Aided Design, Nov. 5-9, 2000.
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A Twisted-Bundle Layout Structure for Minimizing
Inductive Coupling Noise’

Guoan Zhong, Cheng-Kok Koh, and Kaushik Roy
School of Electrical and Computer Engineering
purdue University, West Lafaystie, IN 47907-1285
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mdslad—pairwircsuucmwhumwhwomsipnllinewﬂm:e-
mpmhn;hdrmi.d-puinneud\mmeym”symm"m
the mid-poivs Asxhesigmlandgmmdﬁxmao-ex.istonmcsam
mﬂalhyu,lh:physiﬂllayonufmchatwisud-pﬂrm:min-
volves vias and doglegs-

Asindlunﬂinﬁgml.sigmllimsldefmmcﬁvdy
luq:sloommdlwpzwilhlheirdeﬁamdrdmpms.a.nignl
lmdilsmnnpahmmimd,lmplisﬁvidedinmmnnallw
loops loopt and loop1a- In quesi-static condition, the corent
i slong a signel line. Therefore, the w0
mmsmmwmmmmm
cansed by loopy and loopyz e equal in magrd
pasite directions. According to the Faraday’s law in Bga. @), the
mmdwu=l¢|mbemlnnmdbyﬁmingmemg-
netic Box linking loopy W0 loopz:

M= 5. k.
[ 8o 1n @
muwmsmmmmdwm.m&ﬁuum

of loop into two equal parts Sz and Sz along the midline drawn
in Figare 1. We cewrite Bqn. (3) s

m=(f [ B-don +[[Bain @

mmmgmamwk&mmmmmwg
betwecnu:ﬂwim(hemngneﬁcmmliuhaehsunﬁnlymms

BST&Z

ﬁumloom;.andnwnngmﬁcﬂmlinhgeinsuisprbwﬂydue
to loopra. Asthe currcnt directions in foop1y and loopy). @rc oppo-
sitc, the dircetions of the magpetic flunes in §3y d Sy arc oppo-
site. Therefore, the two integrations over S aod Sy cael each

other:
jfmﬂ-dﬁn =- jfmﬁ-dﬁn: ®

Hemc.memmnalinducmmcbawemsignablmdzum
= B.d5»n — B-d8n)/h =0
M=([[ Bdin - [[ B-aSn)/h ®

Infaa.lwpualsooonnibummlhcmgmicﬂuxﬁnkageh
s;,_. S_odcmlonpu w Sy However, their conlributions are quite

' ™ tD 2E00.,
Anthemmdingdismssimsmbasedon:heassumpﬂmﬁm
thcaminasignnllinniscnminmusevuywm Hawever, this
assumptionismlvalidwhenlhnwirelmglhismﬂidendy]wg
[ordxeummﬁmimlimeﬂ'eumldckln.lfpmnelnminuimi:
adnpwdaxﬁsmuvingmtkofsignallinus.dmmwcrnﬂni-
mal reflectiops at tho receiving ends. Consequently, noises gathercd
alheﬁnﬁmnmmnoelcadtomwwhenmeymaduhemiﬁng
ends. Hence, the mamal inductmee is still zero.
Weusel’astl'lznly[ﬂtovuifymeeﬂeqivmoﬁbeprwmed
twisted-pair layout structwoe in mimimizing coupling inductance.
The wire width, height, length, and spacing are 1gm, 2um, 200um,

indncapcs matrix under two frequencies: a high
aequzmyoffy=xo“ﬂzanduwmmdf.,=w°ﬂz. The
indnmmcmminesfnnnamdormmmdsuumemgivm
below:
fa =1015Hz S =10PHz
The—11 6.26-12 9.le—11 1.0e=11
62s=12 74¢—11 10e=11 S.des-11 7~

The diagonal clements are the seH-inductances, snd ofi-disgonal
entries in the matrix are mumnal indncances. The inductance ma-
uicesfuamkud-mlrsnmmgivmbelm

fu =105Hz fo=100Hz
73¢~11 7.6e—17 89¢~11 1.0e—16
18217 TAe—11 1le—16 9le—11 }°

We also observe that the matrix is not symmetric, ie thereisa
slight discrepancy berween Lig and Lpy. The difference may have

mmwemmwfmmhmuoop.ammpkmmy
mﬂoppoﬁmmmtloopstwhlhumcmlmlmagneﬁcﬂnlink-
ageindmmmloopofane:dimuatismo.
Fig\mZMSamﬂﬁp]o—bithuudlhﬁusignallinesaMm
ground lines. Here, we assume that the 1op twee signal lives of
the 6-bit bus share the ground line labeled § as their currem renim
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Figure 2: Multiple-signal bus in 8 rwisted-bondle structare.

£ 11!
{
§
:
|
g
i
1
g

gmup.mmyoupofnclsthxmm is called the
normal grosp-
{n the twigted-bundie sl-nwnmﬁgwez.mcrcalefun

is to 2
sigrﬁlzm-wsignlﬁneinunmmlgmphm We con
dmsimila‘cnnc]mmfusigna!sludl

pormal
syuzhzﬂﬁof&emuﬂngpaminnwinedgrwp-
Thcuduinwhinhthcsigmlnetsappﬁinmewimdhmdle

@os2

defines a rowing marix. mamm.ammwu
arouﬁngmgioﬁinwhidldtcneloma’nmaim For
mmmmmhmmzmmmmwmg

ot 23
10 32
2301
3210

signal-groand pait
and the
urixswhthallisatmwz.and(lumy. The second chservation
has two Iplicatioas:

. mmunmwﬂ)cohmsinmmm
) mgmﬁmomwhmminuwmingm
tin.

ot 2345 6 7
103456 7 2
230567 1 4
34507171 2 6
a 567023 1
561120 43
s 712340 5
7246135 o

wim(7+1)=sealumnsi!uall
mitsdmem“pufmnmmnowinsmsks:

1. ﬁllinlhcﬁrstcdnmwith1=l’11234$q7 except for
the first cotry, which is already filled with 0. Displace 7 1o
(ho 1ast entyy in the colum.

2 PofamoaC =[7123456]"acydi¢: shifi-ap-by-ane ©
cheain Gy = 112345677

3. methcmdcolmwithcgexceptﬁathnmmdm
which is piready filled with &. Displmhoﬂnhslmin
the colwmm.

[n general, we oucucydicshin-uyby-oumolnin
€4y Bl in columna I+ anddisplaoedc(ﬂl)-damuyincm
wihclasxenuybcolunmwl. We itecate thar process wall we
reach the 8-th cotumm. Bysynmew,wcmsimplynwos:m
B-mmwmmmcmﬁnsmmixgivmm Following suchb
a constrnction, wo can Mmunnsmuixfonnyodd
n.mw:m.-—l)dm(seeﬁgm‘)- .

Can we apply cuch mnmcﬁonnncsfumnunbaw:-'zn)
of sigoal nets? Obsenemstindlclas!mofmemniugmix.
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[ O 1 2 3 4 i - 21-3 28-2 2n-—1 \
1 0 3 4 . -3 28-2 2n—1 2
2 3 0 . e 21-3 222 2n-1 1 4
3 4 - 23-3 -2 =1 1 -2
4 - 233 0  2m—1 1 2 3 n-2
. 21-3 =2 221 0. 2 3 4 1
=3 2-2 2n—-1 1 2 0 4 3
2n=3 2n=2 2-1 1 2 3 4
L2n—2 2n—1 1 2 k] 4 ces 0 n=3
n-1 4 .0 20=2 1 3 e -3 0 /

ﬁgnetkoudngmrixfaN:h—ldgmlwmdammngmmdlh:hammdm

mmmmmmwwmmum
in cotumn (i = 1) by 2 (madalo N). That is because we perform
:cydicshift-up-by-omopeﬂﬁanf(rlhcvmci_lmdashiﬂ
down-by-one for the ground line O. Whea N = 2n — 1, the last
mweaxuuyfmmsapumumﬁon.mtfwa,wemﬁllindwlm
column easily.

When N = 2n, howeva, the Tast row does oot form a permt3-
ticn. mﬁl'a'leigh!oohmusofthefaﬂowingmmngmaﬂixm
obminedﬁarN=Bsignalnetsbyapplyingmeoommnﬁonmles

outlined earlicr:
oD 1234585 67 ] 0 214365871
1 03 4 56782 2 043656871
2305 67 381 4 1 406 5 8 7 23
3 450781286 4 3 608 7215
456701237 365 8 0214 B
s 6 7 8103 41 6§ 58720423712
6 7861230353 s 87 21406 4
781234505 8 7214 3606
g 2 46 82 4060 72135713580

Tt is easy 1o deduce that in the leit balf of the preceding matrix,
cvery cven~numbered sign:llmappﬂrlwiociulhz]astmwasﬁol-
lows:

22024..20-2m24 .. 220}

n order to maintain as mach 85 possible, we transpose
mmnlzm:afdtlmmwuﬁﬂmﬂlzmaof&e
(N +1)+h column. Fov the yemaining N/2 entries of 1he (N+ 1)~
th colamn, we use the vector (2n—-1 1 3 ... 2n—3)7, in arder
wmkeevuycotumapummﬁon.mmon!lezmniu
inmelaslrowandN/Zenn"minlhelastcdumdomtaﬁsfy
that they have complementary and gpposits cufrent

mmdhcctappmad\iswgemwasmebommmwm

lbcdgh:rmﬁngmaﬂhucfonwingpm
[tn-213..2a-3 20—~113 .. 2030l

nnmummwybyuﬁnsqmmcmmm
afllswnp'pinglwithz.B\lﬁlh4,amlingena'al2l-lMlh2I.
q=[2143...2nh-l]"isuwmnlmvemr. We can apply
mcmmmmubefmmouainmeﬁgmmaingm

Nﬂed:uthemﬁngmkism!nniqlmmwemm
mmkanbeobminedby:implyprmnﬁngmcwlnmsinme
original one.

Mamnmpa&,nd&ueisamwhforadl
group hold If these assumptions are not valid, then the stracture
myﬁlmdﬁnm&mndhﬂummmmm
wananlyeumjnmaporﬁnnotthcmumlimmoe. Far

=t
lhismqmmlinthnsesignlneumayremmghnuup-
per ground line. Nonethedcss, for ncts in the botton half of the
normal groap, they are mare likely 10 use only the lower retamn
Again, we assune that quiet of itc-switching neighbor-
ingmmmidmlmmbmuemncmcmwwldm
to go tyongh highly resistive devices.
mmlinﬂmnmbwmmgmuwmsigniﬁnnnym-
doeed Tt is narural for ooc to ask the following question: within 8
mmnmmm«mmmxknmmm
rednce the yrumal inductances for signal nets within one £r0Gp as
we do between two groups? The answer is uo. As loug a8 two sig-
mlnmshmamemmonmrnpmlhemumalmdudmm
pot be reduced by net recrdering. We prove this in the following.
There arc four redative positions for Iwo signal lipcs and the cam-
umg:nwdﬁmasiﬂuwamdinﬁgnres. We examine the induc-
dvenuiseindncedbysignnllonsignallinez. We assumne that the
minsignﬂlﬂowsﬁnmmele&mrimandthaﬁtisimas-
ing Thcﬁracﬁmsd&mpeﬁcﬂupmdnmdmtchpiﬂedby
the yound direction symbols in Figure 5. By the Faroday's 1w, the
hm:ﬁwmke(mmmﬁgnlzwmnwmmmcm
nfmgnﬂioﬂnintheloopﬁunﬂbys‘gmlzmungmnd.
mimdewmmdﬁeﬁonofﬁkMM
mmmﬁmzkmmmmmasmmmg-
mil&nu.memuunlmammotbedmm

5. RESULTS

Bused on the twisied-bundle structare, 3 16-bit bus it designad,
as shown in Figure 6. The 16 signals are divided into foar groups,
with 4 signals i each group. Twisted groups and cormal groups
are sitcnated. To join the adjacent routing regions in the twisted
groups, ancther metal layer is used. Figure 7 chows part of the stick
diggram of the twisted group. In a nomal group, (he ground lie
is in the middle, wﬂuﬂchedbemmmosignalunuabawitm
two below it

mmmmamm—mmam
tional 16-bit bus, which consists of 4 normal goups, s

ﬁmfom'colwunsofunlﬁxlﬁmmixueshowu.nmlmugh
4 are for nets within the first groups the rest are the coupling io-
mmmhm&nmmmmms
We assume thas the buses sre 2mm long. TFor all the metal wires,
the thickness is 1473, and the width and spacing arc both assumed
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@O@@Os 90@205 KKK
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ﬁmi:mdmnhﬁngammmmwh

Twisted Groap

1kl

Table 1: lnpmwforimtﬂigaﬂng the noise lovels in sigoal B.

ir¢ Index: | 0123456789ABCDEE
Patvamn 1 0000000£0£ 000000
Pattemn 2 0O00££LL0LLLE000
Pattern 3 0000122 r0r£££000
Patern 4 P fzesndautrarsed
Pattem § 2222222 20re££52Y

Narmal Group

Twisted Group

[IVTIRR NN}
i

The inductance matrix of the parmal strucome is given below:

(18:-09 88e=10 4de—10 6.0:-10 )
: 8.8¢~10 12¢—09 322—10 44e—10

) - A 44¢—30 32e—10 12.—09 8810
Figure 6: A 16-Dit signal bus in a twisted-bandle structure. 60e-10 4de—10 88—10 1.8¢—09
72.0e~11 42c—11 73e-11 2.3¢-10
- 28s—11 16e—11 26e—11 73¢—11
|| \] 20e—11 Lle~11 16e—11 422-11

| | . 34c—11 20:=11 28e—~11 7.0e—11
I I —-] 1.6e—11 90e—12 1le—11 26¢—11
i 73¢=~12 40e=12 5.0e—12 1.Je=11

| 6le—12 33e—12 40e—12 5.0e—12
Lie—11 6.le—12 73e—12 1.6e—11
: 72e—12 38x-12 d42-12 962—12
v scalc): 208e—12 16e~12 1.6e—12 3.8¢—12
‘ 56c~12 29¢—12 33e—12 72¢—12 )

N N As we can see, ths mutnal inductances between signal mits within
phwmmmhmmmuwm the first group are similar in both matrices. The matusl indnctances
indurtance mutrix of the twisted-bundle strocuure is given belows huwamsigmlnetsinrhcﬂmwismdmandxhemnmml

puxpsmabanmm«myﬂuﬂemuumdmb
tween ing nete in the normal stuctire, The mumal in-

Normal Group

LILLE)

114

( 1.5¢e—09 594—10 82¢—10 B8de~10 ductances betwern (he two twisted groups Are not 2030, A the (wo
596—10 1.5¢—05 8.4e—10 B2e-10 pmpsm:apnmedbyanamalyoup.mcdimntzbawemm
82¢—~10 Bde—10 18c-09 Lle—09 makes the mutoal inductances smaller than those in the frst grosp-
84c—10 B22-10 1.1e-09 1.8:—-09 | We aleo extract the capagitance apd inductance values for dif-
3.66—13 52¢—13 Sde—13 1.0e—12 fevent wirc lengths, end sinalate the resuling RLC networks in
26e=13 32:—13 17¢=13 3.6e-13 mmmhnnpmalﬁﬂzmzﬁkﬂ@alﬁe-
20e—13 25¢—13 lle—13 24e-13 qumehngmsmmemmqpp
362—13 4de=13 3913 41e—13 cal top-lovel global wires between repeaters or gates in i
122=11 8.1e—13 98e—12 9.8e—12 ¢Gireuits [5]. For all aaces, the drivers are 160X of the minimman
7.9¢—13 12¢—11 9.8e—12 9.7e—12 {gverter in a representative 0.184m CMOS techimology with 1.5V
1.1e—11 87e=12 27e—11 2.le—11 V4, and the roceivers e 40X of the minimum inverier.
8.8:—12 Lle—11 2ZLle—11 27e=-11 | mlmmmmwhmmwmm
7.2e—14 93¢—14 40¢-14 80c—14 jndex the signals in a 16-bit bus from O 10 F. Nots that wire 0 here
33¢—-14 43¢—14 19¢—14 3714 is not the ground wire. Tn this table, °z", *f', 2ad *0° stand for
29s—14 38z=14 LGe~14 33e-14 ‘rising'.‘falling’.md‘quid’.rapwﬁvdy- The rise and fal times
\ 55e=14 72c—14 3.de-14 62614 of the signals are assumod 10 be one-tcath of the clock period. All
410
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Table 2: Comparison of noisc levels ‘berween the twisted-bandle

Noise (V) .
Length 1GHZ freq=2GHz
(rmom)} ! Notmal | Twisted | Nama |

0.06 0.17 0.07 0.25
0.3 025 032 0.40
a1l 0.16 0.18 028
023 0.26 Q3R 03s
Q.12 0.13 0.18 028
0.09 036 0.11 042
0.38 046 044 0.55
0.18 035 023 0.46
Q.37 0.47 044 058
0.18 0.34 023 043
0.14 05 0.15 0.59
0.51 0.66 053 067
0.21 051 023 0.55
0.53 0.66 054 0.68
0.8 049 024 0.55

mhuu—ubwu—u&&u—gg

Table 3: Commhmdmﬂimmddﬂsmmsm

M_Mum delay (ns)

Length,freq || Twasted Suuctare Normmal
twisicd | normsl | Stucmre

TromiGHz || 0.040 | 6.041 | 0041

tmm2GHz || 0.033 | 0.033 0.034

Smm1GHz | 0089 | 0.073 | 0.072
2mm2GHz || 0061 | 0.067 | 0065 |

4mm,1GHz || Q.140 0.146 | 0.145

0.129 0.138 0.137

4mm2GHz

switching signals switch a1 the same time. Tuhle 2 shows the noise
levels measwed at (be far end of the vicim sigaal 8. From the
simulation results, we observe that the twisted-bandle struclure can
d!euivdyrednmthemplinsmisa. For 1mm wire, we achieve
4% m T2% poise reduction; for 2mm wire, 18% to 76%:; and for
4mm wire, 20% 10 75%. Similar results are obtained when we use
inpmpuunsouainedbysubsﬁming':'fa ‘2* aud ‘2 for ‘¢’ in
the five Input patterns listed in Table 1.
mmuordmtwismd-bmﬂksmmonsipaldmyh
ulsom\uﬁgmd.minpu:pmsmsimﬂarmhoseian
:meptmasigmlsisalsowimhing(bolhhighmdlvw)imud
1 Table 3 summaizes the maximum detays found

" gor the twistcd bundle and noroal stracmres. The second and thid

wlmhmsmmmmwwofmuhmm
mmmmwdwmummm
dv&nm:fmhm!mﬁmmm&hysdnﬁsinu
normal strociare. Although every wire in @ twisted gronp has &
lmwhemhamw:edmandanighuczpwimm
mmhammmﬁmﬂxﬁmmﬂummm
mhasmlmlmﬂmthemmmmdchys. The max-
immdel:ystortwimdwimandnamlwiminmmm

bundle sructure da not differ by mare than 10%. The diffcrences.

between the maximum delays of the twisted strucnire and normal
structure arc ¢ven amaller.

6. CONCLUSION
In this paper, we present the nwistad.bundie layout structure. In-

BST&Z

dmmmm&mwhhmﬂ-kmyshmmeeﬁmmoﬂhb
struchyre in minimizivg mutsal inductance. SPICE simulation re-
mnmmmnmmmWymmwupungm
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L Real in Interest

The real party in interest in the present appeal is Inte] Corporation of Santa Clara,

California, the assignee of the present application.
L Rclatc& Appeals and Interferences

There are no related appeals or interferences to appellant’s knowledge that would
have a bearing on any decision of the Board of Patent Appeals and Interferences.

L Status of the Claims

Claims 1-23 and 26-38 are allowed
Claims 24 and 25 stand rejected under 35 USC § 102(b) as allegedly being

anticipated by US Patent 5,5 34,732 (DeBrosse).

v. Status of Amendments

A preliminary amendment, submitted by appellant on 6/7/2002 was entered. An
official response to a first Office Action mailed 7/15/2003 was submitted by appellant on
11/17/2003 and was entered. A Final Office Action was mailed on 1/28/2004. Appellant
responded by submitting an émcndment and official response after final on 3/23/2004,
which was entered and an Advisory Action was mailed 5/4/2004. A Notice of Appeal
was transmitted on 4/28/2004, and an appeal ensued.

Accordingly, the claims stand as of the entered amendment of 3/23/2004, and are

reproduced in clean form in the Appendix.
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V. Su of the Invention

Appellant’s disclosure describes a process to employ swizzling that provides
capacitive and inductive noise cancellation on a set of concurrently active signal lines. A
positive noise due to a capacitive coupling between an attacker signal line and a pear
victim signal lipe is, in part, cancelled by a negative or opposite noise due to an inductive
coupling between the attacker sigoal line and a far victim signal line. A swizzling pattern
is set forth whereby signal lines of one segment are reordered to transpose near victim
signal lines and far victim signal lines in subsequent segments to facilitate the capacitive
and inductive cancellation. The swizzling pattern is selected to further facilitate similar
capacitive and inductive noise cancellation among the other signal lines of the set.

In some embodiments, the process continues to employ the swizzling pattern in
multiple stages to place each signal line adjacent to every other signal line of the set in
some swizzle stage. In some alternative embodiments, swizzling patterns may be selected
which place each signal line adjacent to every other signal line of the set in some
predetermined number of swizzle stages. Subsequent stages of swizzling provide the setof
signal lines with capacitive and inductive noise cancellation in addition to the capacitive
and inductive noise cancellations of previous stages. The signal lines are optionally
reordered by a final swizzle stage to restore the set’s original order. In some embodiments,
swizzling pattemns may be selected from cyclic swizzle groups such that repeating the
swizzling pattern antomatically restores the set’s original order and/or places each signal
line adjacent to other signal lines of the set in a predetermined number of swizzle stages.

In some embodiments, a plurality of S swizzle stages may be inserted to provide
capacitive and inductive noise cancellation within a set of N concurrently active signal
lines, S being computed for a particular value of N according to the equation:

N22—(2S+3)N2+S +1=0.
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VL  Issues
1. Is claim 24 anticipated by DeBrosse?

2. Is claims 25 anticipated by DeBrosse?

VI Grouping of Claims (Ind ndent Claims Bolded

For the purposes of this appeal, claims 24 and 25 do not stand or fall together.

Group L Means for Providing Multiple Capacitive and Inductive Noise
Cancellation Stages.

Claim 24.

Group II: Means for Providing Multiple Capacitive and Inductive Noise
Cancellation Stages and Restoring Initial Order.

Claim 25.
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VIIL ment

A. Claim 24 Is Not Anticipated by DeBrosse

Claim 24 stands rejected under 35 USC § 102(b) as allegedly being anticipated by
US Patent 5,534,732 (DeBrosse).
The MPEP § 2131 states that:

“A claim is anticipated only if each and every element as set forth in the claim is found, either
expressly or inherently described, in a single prior art reference.” Verdegaal Bros. v. Union Oil Co.
of California, 814 F.2d 628, 631, 2 USPQ2d 1051, 1053 (Fed. Cir. 1987).

Appellant respectfully submits that in the cited reference, each and every element

as set forth in the Group I claim is not found, either expressly or inherently described.

Claim 24, for example, sets forth:

24, (Original) An mterconnect comprising:
a set of N active signal lines having an initial order;
means for providing the set of signal lines with a first capacitive and
indnctive noise cancellation; and;
means for providing the set of signal lines with a second capacitive and
inductive noise cancellation in addition to the first capacitive and inductive noise
cancellation.

The invention of DeBrosse relates to a single crossing region that traverses paired
true/complement line conductors such that intra-pair capacitive coupling is avoided and
inter-pair capacitive coupling is matched (abstract; col. 2, lines 47-51; Figs S and 7-10).

The Final Office Action states (emphasis added):

«DeBrosse et al. teach an interconnection layout comprising a sct of N active signal lines having an
initial order (as shown in Figure 5 for example); means for providing the set of signal lines with a
first capacitive and inductive noise cancellation; and means for providing the set of signal lines
with a second capacitive and inductive noise cancellation in addition to the first capacitive and
inductive noise cancellation (shown in Figure 5 for example). DeBrosse et al. show capacitive
noise cancellation. Since capacitive and inductive parasitics are inherently included in conductive
line[s), thus capacitive noisc cancellation inherently includes inductive noise cancellation.”

Appellant respectfully disagrees. Appellant submits that (1) in the first region of
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DeBrosse, the signal lines are in their initial order whc*;rc DeBrosse states that intra-pair
capacitive coupling between true and complement lines is avoided not cancelled (col. 6,
lines 1-23; Fig. 5).

Appellant further submits that (2) in the second region of DeBrosse, capacitive
coupling between pairs is matched such that a line which was disposed adjacent to a true
signal line of a pair in the fimt'region is then disposed adjacent to the complemented
signal line of the pair in the second region and vise-versa. For example the signal labeled
2-bar is adjacent to the signals labeled 1-bar and 3 in the first region and then adjacent to
their complements Jabeled 1 and 3-bar in the second region (Fig. 5). Thus, in DcBrosse,
the set of signal lines is Iprovided with a single cancellation of the capacitive couplings
from the trué and complemented signal lines (col. 6, lines 1-27; Fig. 5).

On the other band, claim 24 sets forth means for providing the set of signal lines
with a first capacitive and inductive noise cancellation, and means for providing the set of
signal lines with a second capacitive and inductive noise cancellation in addition to the
first capacitive an& inductive noise cancellation. DeBrosse does not describe, either
expressly or inherently, providing the set of signal lines with a second capacitive and
inductive noise cancellation in addition to the first capacitive and inductive noise

- cancellation.

Appellant further submits that (3) from the presence of inductive parasitics in line
conductors it can not be concluded that capacitive noise cancellation inherently includes
inductive noise cancellation.

In re Robertson, 169 F.3d 743, 745, 49 USPQ2d 1949, 1950-51 (Fed. Cir. 1999):

To establish inherency, the exrinsic evidence “must make clear that the missing descriptive matter
is necessarily present in the thing described in the reference, and that it would be so recognized by
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persons of ordinary skill.” Continental Can Co. v. Monsanto_Co. , 948 F.2d 1264, 1268, 20
1U.5.P.Q.2d 1746, 1749 (Fcd. Cir. 1991).

The existence of inductive parasitics does not make it clear that the missing
descriptive matter, “capacitive and inductive noise cancellation,” is necessarily present in
the technique described in the reference. The examiner does not provide objective
evidence or cogent technical reasoning to support the conclusion of inherency.
Capacitive coupling is strongly related to the proximity of the signal lines, which is
addressed by DeBrosse. On the other hand, for inductive coupling it is not so much the
proximity of a signal line to an attacker signal line as it is the surface area of a current
loop or current loops formed by the attacker signal line and its closest return path, which
is not addressed by DeBrosse. One signal line may be inductively coupled to many or all
of the other signal lines and DeBrosse addresses only adjacent signal lines and their
paired complement signal lines.

Appellant provides the following article as extrinsic evidence that the missing
descriptive matter would not be recognized by one of skill in the art as being necessarily

present in the technique described by DeBrosse.

Exhibit A: Guoan Zhong et al_, A Twisted-Bundle Layout Structure for Minimizing Inductive
Coupling Noise, International Conference on Computer-Aided Design, Nov. 5-9, 2600.

Referring to subsection 4.2 titled “Caveats,” paragraphs 2 and 3 and Figure 5, the
authors address the question of whether it is possible to reduce mutual inductances within
a group of signal lines sharing a common return (such as the one shown in Fig. 11 of
DeBrosse) by reordering the positions of signal lines within the group. They conclude
that it is not.

Finally, appellant submits that (4) DeBrosse should not be considered equivalent
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under 35 U.S.C. 112, paragraph six, to the subject master set forth in claim 24.
The MPEP § 2181 states that:

When making a determination of patentability under 35 U.S.C 102 or 103, past practice was to
interpret a "means or step pius function” limitation by giving it the "broadest rcasonable
interpretation.” Under the PTO's long-standing practice this meant interpreting such a limitation as
reading on any prior art means or step which performed the function specified in the claim without
regard for whether the prior art means or step was equivalent to the corresponding structure,
material or acts described in the specification. However, in Donaldson, the Federat Circuit stated:

Per our holding, the "broadcst reasonable interpretation” that an cxaminer may give means-plus-
function language is that staturorily mandated in paragraph six. Accordingly, the PTO may not
disregard the structure disclosed in the specification corresponding to such language when
rendering a patentability determination.

While appellant intends that the broadest reasonable interpretation should be
given to claims 1-23 and 28-38, all of which have been allowed, the means-plus-function
form of claim 24 may not be modiﬁed by language containing sufficient structure,
material or acts for achieving the speciﬁéd function. Therefore claim 24 should be
construed to cover the corresponding structure, material or acts described in the
specification and equivalents thereof.

The MPEP § 2181 also states that:

[Ulnlcss an element performs the identical function specified in the claim, it cannot be an
equivalent for the puwrposes of 35 US.C. 112, sixth paragraph. Peanwalt Corp. v. Durand-
Wayland, Inc., 833 F.2d 931, 4 USPQ2d 1737 (Fed. Cir. 1987), cert. denied, 484 U.S. 961 (1988).

For eiample, as described in paragraph [0041] of the specification for the present
application, in a process to employ swizzling that may provide capacitive and inductive
noise cancellation on a set of signal lines, a positive noise due to a capacitive coupling
between an attacker signal line and a first victim signal line is, in part, cancelled by a
negative or opposite noise due to an inductive coupling between the attacker signal line
and a second victim signal line.

Paragraph [0046] explains a key observation is that by reversing the positions of
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the near victim signal line and far victim signal line with respect to the attacker in a
subsequent interconnect segment, a partial cancellation of the capacitive and inductive
noise voltages may be provided. Therefore, it will be appreciated that a partial
cancellation of capacitive and inductive noise may be provided in a subsequent
interconnect segment by a swizzling of a set of signal lines.

Paragraph [0049] also explains that typically the inductive noise from one attacker
is weaker than the capacitive noise form one attacker. A key observation is that
additional swizzling may be used to provid;a subsequent stages of further capacitive and
inductive noise cancellation for the set by balancing the number of signal lines that are
near neighbors in subsequent stages.

DeBrosse does not suggest capacitive and inducti\}e noise cancellation as
disclosed in appellant’s specification or equivalents thereof, but rather shows a technique
for avoidance of capacitive coupling between pairs of true/complement line conductors,
and capacitive matching between the true/complement line conductors of one pair and
those of its neighbor pairs (col. 1, lines 11-15, col. 2, lines 56-67 and col. 3, lines 1-3).
DeBrosse admits that his layout is applicable onl); to interconnection arrays having a
plurality of paired true/complement line conductors (col. 3, lines 28-30).

Appellant respectfully submits that a person of ordinary skill in the art would not
have recognized an interchangeability of DeBrosse (which relies upon capacitive
matching between the true/complement line conductor pairs) and the capacitive and
inductive noise cancellation disclosed in appellant’s specification (which does not rely
upon such characteristics of true/complement line conductors).

Even if capacitive matching between the true/complement line conductors could
42390.P13294 -10-
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be considered equivalent to the capacitive and inductive noise cancellation function set
forth in claim 24, DeBrosse performed it in a substantially different way (by alternating
the capacitive coupling of true and complement line conducmré and requiring (wice as
many signal lines as the method disclosed in appellant’s specification) with a
substantially different result (a single crossing region versus repeatedly swizzling to
balance the number of signal lines that are near neighbors for subsequent capacitive and
inductive noise cancellation).

DeBrosse does mot expressly or inherently describe equivalent means for
providing the set of signal lines with a second capacitive and inductive noise cancellation
in addition to the first capacitive and inductive noise cancellation. DeBrosse shows a
techpique including, “forming a single crossing region including crossing the line
conductors of each pair once;” (col. 3, lines 13-15). DeBrosse discloses reordering the
signal lines only once (col. 3, lines 22-24 and col. 7, lines 63 through col. 8, line 2). Even
DeBrosse’s title, “Single Twist Layout and Method for Paired Line Conductors of
Integrated Circuits,” admits the nonequivalence of the prior art element of DeBrosse for
allegedly performing the function set forth in claim 24. |

Accordingly in light of the argument presented above, appellant respectfully

submits that independent claim 24 is not anticipated by DeBrosse.
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B. Claim 25 Is Not Anticipated by DeBrosse

Claim 25 stands rejected under 35 USC § 102(b) as ailegedly being anticipated by
US Patent 5,534,732 (DeBrosse).

In accordance with the arguments presented above with regard to the patentability
of claim 24, appellant believes that claim 25 is patentable, first, for including all of the
limitations of claim 24, and additionally for the reasons described below.

The MPEP § 2131 states that:

"The identical invention must be shown in as complete detail as is contained in the ... claim.”
Richardson v. Suzuki Motor Co., 868 F.2d 1226, 1236, 9 USPQ2d 1913, 1920 (Fed. Cir, 1989).

Appellant respectfully submits that in the cited reference, each and every element
as set forth m the Group II claim is not found, either expressly or inherently described in
as complete detail as is contained in the claim. |

Claim 25, for example, sets forth:

25. (Original) The interconnect of Claim 24 further comprising:
means for restoring the initial order of the set of signal lines.

As stated above, the invention of DeBrosse relates to a single crossing region that
traverses paired true/complement line conductors such that intra-pair capacitive coupling
is avoided and inter-pair capacitive coupling is matched (abstract; col. 2, lines 47-51).
Clearly, the initial order of the set of signal lines is not restored by the single crossing
region of DeBrosse (see for example Figs 5 and 7-10).

The Final Office Action states:

“DeBrosse et al. teach that signal lines in the crossing region are reordered in the third region in
order to obtain initial signal lines in the first region or as original signal lines configuration in
initial stage, where the signal lines are substantially parallel (Please se Figs. 5, 7, 8,9, 10 and 11).”

Appellant respectfully disagrees. Appellant submits that (1) in the first region of
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DeBrosse, the signal lines are in their initial order and that initial order is not restored by
any means.

Referring to Figure 5, for example, DeBrosse states that in the first region line
conductor 1 is disposed adjacent to line conductor 2 and line conductor 1-bar is disposed
adjacent to line conductor 2-bar (col 6, lines 1-6). In contrast, opposite the crossing
region, line conductor 1 is disposed adjacent to line conductor 2-bar and line conductor 2
is disposed adjacent to line conductor 3-bar, which is not the same order as their initial .
order (col. 6, lines 7-13). DeBrosse refers to the pattern applied to initially ordered lines
1, 2, 1-bar, and 2-bar respectively as “down 1,” “down 3,” “up 3,” and ‘ﬁ.lp 1,” (col. 6,
lines 16-17).

Further, as stated above with regard to claim 24, the means-plus-function form of
claim 25 may not be modified by langnage containing sufficient structure, material or acts
for achieving the specified function. Therefore claim 25 should be construed to cover the
corresponding structure, material or acts described in the specification and equivalents -
thereof,

Appellant submits that (2) DeBrosse should not be considered equivalent under 353
U.S.C. 112, paragraph six, to the subject matter set forth in claim 25.

For example, as described in paragraphs [0094] and [0095] of the specification for
the present application with reference to Figure 10, it will be appreciated that repeated
compositions of ¢ and d generate swizzle groups with respect to an initial order
{1,2,3,4,5,6,7,8) as follows:

! ={74,13.6.852}, d ={241,63857},

Cz = {5,3,7,1,8,2,6,4}, dz = {4,69208019703v5} ’
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J=16,1572483), o ={68472513},
¢#=187654321), d=(8765432]1},
c=(25863,147), & ={75836142}
& =14,6281735), d={53718264),
J = (38427516}, & ={3,1527486},
A=(12345678), d=(1,2345678}

Jt will be further appreciated that a swizzling pattern given by ¢', ¢!, ¢!, ¢’, may be
employed using swizzling 1041 repeatedly and optionally restoring the initial order of the
set using swizzling 1045.

Similarly, Figures 4a-b, 10a-c, 11b, and 13a-d illustrate alternative embodiments
where the initial order of a set of signal lines may be restored by swizzlfng patterns which
may be conveniently selected from swizzle groups.

DeBrosse does not expressly or inherently describe equivalent means for restoring
the initial order of the set pf signal lines. The techniques of DeBrosse use a single
crossing region crossing the line conductots of each pair only once and reordering the
signal lines exactly once (col. 3, lines 13-24 and col. 7, lines 63 through col. 8, line 2).

Appellant respectfuily submits that a person of ordinary skill in the art would not
have recognized an interchangeability of the single crossing region of DeBrosse and the
swizzling patterns disclosed in appellant’s specification for restoring the injtial order of
the set of signal lines.

Additionally, appellant believes that since the single crossing region of DeBrosse
performs a substantially different function (matching true/complement signal line pairs)

in a substantially different way (reordering the signal lines exactly once), it is not
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equivalent for allegedly performing the function of restoring the initial order of the set of

signal lines set forth in claim 25.

Accordingly in light of the argument presented above, appellant respectfully

submits that dependent claim 25 is not anticipated by DeBrosse.
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Conpclusion

Appellant submits that all claims now pending are in condition for allowance.
Such action is earnestly solicited at the earliest possible date. If there is a deficiency in

fees, please charge our Deposit Acct. No. 02-2666.

Respectfully submitted,

o Colislaao¥
pete % Mehnemeier, Reg. No. 51,003

12400 Wilshire Boulcvard
Seventh Floor

Los Angeles, CA 90025-1026
(408) 720-8598
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IX. Appendix A: Claims Allowed and Involved in Appeal (Clean Copy)

1. (Original) A method comprising:
swizzling a set of N concurrently active signal lines into a first order to provide a
first stage of capacitive and inductive noise cancellation for a first plurality of signal lines
of the set; and
swizzling the set of N concurrently active signal lines again into a second order
different from the first order to provide a second stage of further capacitive and inductive
noise cancellation for the first plurality of signal lines of the set.

2. (Original) The method of Claim 1 wherein a first signal line of the set is adjacent

to a first subset of the set of N concurrently active signal lines in the first stage and
_swizzling the set of N concurrently active signal lines again places the first signal line

adjacent to a second subset of the set of N concurrently active signal lines in the second

stage, the first subset and the second subset being disjoint.

3. (Original) The method of Claim 2 wherein the first signal line of the set is
adjacent to a third subset of the set of signal lines in an initial order of the set of N
concurrently active signal lines and swizzling the set of signal lines places the first signal
'linc adjacent to the first subset of signal lines in the first stage, the first subset and the
third subset being disjoint.

4. (Original) The method of Claim 1 wherein the set of N concurrently active signal
Jines have a substantially common origin and a substantially common destination.

5. (Original) The method of Claim 1 wherein swizzling the set of N concurrently
active signal lines comprises reordering N signal lines for concurrently carrying N bits of
information in substantially parallel signal tracks on a substantially planar substrate by
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routing each of a second plurality of said N signal lines from a comresponding pre-
swizzling signal track directly toa corresponding post-swizzling signal track, optionally
via a substantially parallel planar layer.

6. (Original) The method of Claim 5 wherein each swizzling of the set of N
concurrently active signal lines is accomplished by inserting a single swizzle cell.

7. (Original) The method of Claim 1 comprising swizzling the set of N concurrently
active signal lines to provide S stages of capacitive and inductive noise cancellation and
optionally providing an additional stage to restore an initial order of the set, v?herein each
of the N concurrently active signal lines of the set is placed adjacent to every other signal
line of the set in some stage of the S stages, S being computed from N according to the
equation:

N2/2 = (2S+3)N/2 +S + 1 =0.

8. (Original) An article of manufacture comprising
a machine-accessible medium including data that, when accessed by a machine,
cause the machine to perform the method of Claim 7.

9. (Original) An article of manufacture comprising
a machine-accessible medium including data that, when accessed by a machine,
cause the machine to perform the method of Claim 6.

10. (Original) An article of manufacture comprising
a machine-accessible medium including data that, when accessed by a machine,
cause the machine to perform the method of Claim 3.

11,  (Original) An article of manufacture comprising

a machine-accessible medium including data that, when accessed by a machine,

canse the machine to perform the method of Claim 1.
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12.  (Original) The method of Claim 1 wherein the first stage of capacitive and
inductive noise cancellation and the second stage of further capacitive and inductive noise
cancellation reduce capacitive and inductive noise due to switching within the set of

signal lines.

13.  (Original) The method of Claim 1 wherein concurrently active indicates that each
of the N signal lines may be switched in a single transmission cycle.

14.  (Original) An apparatus comprising:

a set of N signal lines configurable to transmit N bits of information in 2
transmission cycle, the signal lines being substantially parallel and having a first portion
with a first signal line order;

a first swizzle stage of the set of N signal lines having a second portion with a
second signal line order, wherein a first signal line of the set is adjacent to a first subset of
the N signal lines in said first portion and the first signal line is adjacent to a second
subset of the N signal lines in said second portion, the first subset and the second subset
being disjoint; and

a second swizzle stage of the set of N signal lines having a third portion with a
third signal line order, wherein the first signal line of the set is adjacent to a third subset
of the N signal lines in said third portion, the first subset the second subset and the third
subset being disjoint.

15.  (Original) The apparatus of Claim 14 wherein the set of N signal lines have a

substantially comxnon origin and a substantially common destination.

16.  (Original) The apparatus of Claim 14 comprising

said set of N signal lines in substantially parallel signal tracks on a substantially
planar substrate;

each of a first plurality of the N signal lines being routed from a corresponding
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signal track in the first portion, according to the first signal line order, directly to a
corresponding signal track in the second portion, according to the second signal line
order, optionally via one or more substantially parallel planar layers; and

each of a second plurality of the N signal lines being routed from a corr&cpondiné
signal track in the second portion, according to the second signal line order, directly to a
corresponding signal track in the third postion, accordihg to the third signal line order,
optionally via the one or more substantially parallel planar layers.

17.  (Original) The apparatus of Claim 14 wherein the first swizzle stage of the set of
N lines comprises a swizzle cell coupling the first portion with the second portion.

18.  (Original) The apparatus of Claim 17 wherein the second swizzle stage of the set

of N lines comprises a swizzle cell coupling the second portion with the third portion.

19.  (Original) The apparatus of Claim 14 comprising

a plurality of S swizzle stages to provide capacitive and inductive noise
cancellation within the set of N signal lines, wherein each of the N signal lines of the set
is placed adjacent to every other signal line of the set in some swizzle stage of the S
swizzle stages, S being computed for a particular value of N according to the equation,
NZ/2 — (25+3)N/2 + S + 1 = 0; and

an optional final stage 1o restore an initial order for the set of N signal lines.

20.  (Original) The apparatus of Claim 14 wherein the third portion of the second
swizzle stage places no signal line, of the set of N signal lines, adjacent to one of the
same signal lines that they are adjacent to in the second portion of the first swizzle stage.
21. (Original) The apparatus of Claim 20 wherein the second portion of the first

swizzle stage places no signal line, of the set of N signal lines, adjacent to one of the
same signal lines that they are adjacent to in the first portion.
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22.  (Original) The apparatus of Claim 21 wherein the third portion of the second
swizzle stage places no signal line, of the set of N signal lines, adjacent to one of the
same signal lines that they are adjacent to in the first portion. ‘

23.  (Original) The apparatus of Claim 14 comprising

a first swizzle cell to reorder the set of N signal lines from the first signal line
order into the second signal line order;

a second swizzle cell to reorder the set of N signal lines from the second signal
line order into the third signal line order; and

an optional third swizzle cell to restore an initial order for the set of N signal lines.

24.  (Original) An interconnect comprising:

a set of N active signal lines having an initial order;

means for providing the set of signal lines with a first capacitive and inductive
noise cancellation; and;

means for providing the set of signal lines with a second capacitive and inductive

noise cancellatiop in addition to the first capacitive and inductive noise cancellation.

25.  (Original) The interconnect of Claim 24 further comprising:
means for restoring the initial order of the set of signal lines.

26.  (Previously Amended) An interconnect comprising:

a set of N active signal lines having an initial order;

means for providing the set of signal lines with a first capacitive and inductive
noise cancellation;

means for providing the set of signal lines with a second capacitive and inductive
noise cancellation in addition to the first capacitive and inductive noise cancellation; and

means for restoring the initial order of the set of signal lines, wherein the means
for restoring the initial order of the set of signal lines provides the set of signal lines with

a third capacitive and inductive noise cancellation in addition to the first and second
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capacitive and inductive noise cancellations.

27.  (Original) The interconnect of Claim 26 wherein the set of signal lines contains an

even number of signal lines.

28.  (Original) An arﬁcle of manufacture comprising:
a machine-accessible medium including data that, when accessed by a machine,

cause the machine to:

insert a first swizzle stage to provide a set of N concurrently active signal lines
having a first signal line order, with a second signal line order, where in the first signal
line order, a first signal line of the set is adjacent to a first subset of the N signal lines and
in the second signal line order the first signal line is adjacent to a second subset of the N
signal lines, the first subset and the second subset having no signal lines in common; and

insert a second swizzle stage to provide the set of N concurrently switched
signal lines with a third signal line order, where in the third signal line order the first
signal line is adjacent to a third subset of the N signal lines, the first subset, the second
subset and the third subset having no signal lines in common.

29. (Original) The article of manufacture of Claim 28 wherein the second signal line
order of the first swizzle stage provides a capacitive and inductive noise cancellation by
placing the first signal line adjacent to the second subset of the N signal lines.

30.  (Original) The article of manufacture of Claim 29 wherein the third signal line
order of the second swizzle stage provides an additional capacitive and inductive noise
cancellation by placing the first signal line adjacent to the third subset of the N signal
lines. '

31. (Original) The article of manufacture of Claim 30 wherein the first capacitive and

inductive noise cancellation and the additional capacitive and inductive noise cancellation

reduce capacitive and inductive noise due to switching within the set of N concurrently
42390.r13294 22-
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active signal lines.

32. (Original) The article of manufacture of Claim 28 wherein the third signal line
order of the second swizzle stage places no signal line, of the set of N concurrently active
signal lines, adjacent to one of the same signal lines that they are adjacent to in the second
signal line order of the first swizzle stage.

33.  (Original) The article of manufacture of Claim 32 wherein second signal line
order of the first swizzle stage places no signal line, of the set of N concurrently active
signal lines, adjacent to one of the same signal lines that they are adjacent to in the first .
signal line order.

34,  (Original) The article of manufacture of Claim 33 further including data that when
accessed by the machine, cause the machine to:

insert a third swizzle stage to restore the set of N concurrently active signal
lines to their original order.

35.  (Original) The article of manufacture of Claim 28 wherein concurrently active
indicates that each of the N signal lines may be switched in a transmission cycle.

36.  (Original) The article of manufacture of Claim 28 further including data that when
accessed by the machine, cause the machine to:

insert a plurality of S swizzle stages to provide capacitive and inductive noise
cancellation within the set of N concurrently active signal lines, wherein each of the N
signal lines of the set is placed adjacent to every other signal line of the set in some
swizzle stage of the S swizzle stages, S being computed for a particular value of N
according to the equation

NY2 - (2S+3)N/2 + § + 1 = 0; and
insert an optional swizzle to restore an initial order for the set of N

concurrently active signal lines.
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37.  (Original) An apparatus comprising:

a set of N concurrently active signal lines, the signal lines being substantially
parallel and having a first signal line order;

a plurality of swizzle cells linking segments of the set of N concurrently active
signal lines, the plurality of swizzle cells transposing near victim signal lines and far
victim signal lines in subsequent segments to facilitate capacitive and inductive noise
cancellation within the set of N concurrently active signal lines; and

an optional swizzle cell to restore an initial order for the set of N concumently
active signal lines. ’

38.  (Original) The apparatus of Claim 37 wherein concurrently active indicates that

each of the N signal lines may be switched in a single transmission cycle.
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Guoan Zhong et al, A Twisted-Bundle Layout Structure for Minimizing Inductive Coupling Noise,
International Conference on Compuzer-Aided Design, Nov. 5-9, 2000.
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ABSTRACT

Inthispnpu,mpmpmeanovdmkud-bunﬂzlaymsmlcm
fmuﬁnimizinghﬂmt’fvecouplingnoisc. 1n this struciure, we cre»
mmmwmmumﬁngofwine:h
of these rooning regions. The parpasc is 1o create complementary
andopposil:munlmpsinthewimd-bundlelaymtme,
mmd::mmnicﬂmaﬂsing&vmanysigmlnetwhhin
a rwistad group cancel cach other in the current loop of z net of
interest, The effectivensss of the (wisted-bundle strocttre in mind-
nizjngmmlhghdmuhasbommiﬂedbythcapplbaﬁunof
FagtHeqry extraction on a 16-bit bas stroctre. We achieve about
wo orders of magnitude Tedaction in indoctive coupling. SPICE
simulations also show tha the 16-bit twisted-bandle bus structare
is able to maintsin high signal integrity ar high frequency of opera-
ton.

1. INTRODUCTION

Continued scaling of semiconductor technology has bronght the
isenes of inmerconnect-limited desigus o the forcfront The Imter-
pational Technology Roadmap for Semiconductar (TLRS) [1] fore-

ooupling-inductances
mining signal delay and sigaal imegrity.

Rel [lq;uvnmmtﬁvesnrveyofwﬁmsnalsemmsiu
cireuit desi Predominaatly, exising sndies focnsad on cross-
ulknoisedmmupnd&vewupung.nuemmeshatmngem
of capacitive coupling, tecimiques such as shielding, nct ardering
nrmckpmmaﬁmhwprwedmbecﬁmﬁveinnﬂnimizingm-
pacitive cross-talk neisa [6; 17]- )

Op the oter hand, inductivs cffects have a long range effect
mwmmmmwdmg-
naicﬂuﬁnﬁngmrmlloops.marcsm.lnducﬁwmiwhsa
mueh“dduspnialeﬁeammmﬁaapadﬁv:ndu. For this
mmitmbsmmwsmmioninamhmmhhxdu
1o predict. Manyoflheadsﬁngm&asmatdultwimou-chipiu-
dnuivee!!emroumdpﬁmritywmcmdcﬁngmcmmdmof
mdﬁpmmminduamah[lﬂ.loopmmww-

MWWMWKMMMIWSM
uscd 10 analyze onchip inductance [7; 14; 4]. In [9], frequency
-dependeuinmmccandmﬁmwwemumdmdmm
magnetaquasistatic sRuTption, and in [10], a simple layotir rule-
based melsod was nsed to spoead up the computation.

®This research is sapported in part by SRC (99-T1-689), NSF (CA-
REER Awerd CCR-9984553), and a grant from Intel Corporaton.

A few recent studies have reponied sucorss in minimizing tho
undesirable ipductive ¢ffects, In recent Alpha chip designs [2], on-
dﬁpmumwnﬁmiwdbysmﬂwidﬁngﬁmwﬂhhiylm
reat density between isolating metal planes. In {11], the wiring
overbead was reduced by using a interdigitated Jayout sauchae,
inwhiehawidewinwuspliﬁnwmnylinu.inmpawdwim
ground lines. These techmiques, however, considered anly self-
indumln[ﬂl.irdmﬁvewuplingnoiwwreamdbyshjeld
insertion znd pet ordering.

m&ispapu.wepnpmamlmuwd-bwwgwmmm
for piinimizing juductive coupling naisc. By cTealing Coplamen-
mymdappositaunmuloopsindulqmumu:tmwem
madusofmagnmmmphindwﬁvcwupung.m:bﬂ-
ities of the rwisted-bundle structare in minimizing coupling induc-
tanceandmimaininghighsipmlinm;ityhawbmnvuiﬁedby
IheapplimuomumeﬂmryemacﬁonandSPmEsimlaﬁomun
a 16-hit bus sTuctore.

The regt of the paper is organized as follows. In Section 2,
mmmmr&ngmmmungmumm In Sec-
ﬁons,welnnndnnatwimd-pairlayoutmuponwhidl
the twisted-tundle sucture is based. In Sectiom 4, we present tho
dovel twisted-bandle structure and a systemaric for syp-
thesizing soch a suuchme. In Sectian S5, we spply this stmctizs
tw a 16-bit bus design and compare it with the “froditional” design
based on the parasitic parameters extracted by FastHeory sod the
stoularion results by SPICE. Finally, we concluds in Sectica 6

2. PRELIMINARIES

Mutual inductances, as well as self inductance, art electromag-
neﬁcphnnma:hmarlsesﬁummtbops[lz: 13]. The in-
ductantes for a system of N Joops are defined as:

Ly= %‘1 @

whusv;ihlhemgnuicﬂuinloopidmmaumml; in loop
J L4 represents the self inductance of loop i, whexeas Zy){i # j)
r:pemthcmnmalindtmwbctweenloqsimdj.

According 1o the Faraday’s law, the mutusl inductance can be
al:ulamdbyﬁn&nglhempmﬁcﬂuﬁnkingmlooprﬁawdw
per onit of cusrent in the sther loop:

“=l»u=fL§-d§t/'h @

wherc 8 ig the density of the magnetic flox arising from current J)
in loop i end the integration is over the surface of Joop 4.

Ov-chip signal vets form loops with their current retm paths
mmlwpsdemn'neﬁwinmcmcesasshwninm. (1) and
(2)- Therefore, in order to accurately calcalate the inductances of
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Figure 1: Twisted-pair structore.

m-chipimmmmﬁms.it'uofctiﬂnlimpmmmdetﬂnﬁne
meqmemumpamcfm-chipsigulm However, it is ¢x~
uw:dydiﬁummﬁndwmmmnnpmhsfnraigulm.u—
minlhemluimaumwﬁonmwma:mdalﬁth
Wy,mmmmﬂpnhswwﬁdxaummmm.

In this work, weummaaudgnalsmdummmdm

juc as their remur pahs [51. Ahbough quiet or opposite-switching
nmghbmingmmyﬂmmasmmpm.mqmnmihl
mmmsmuhgﬂmusigmlwhmhawmgowdo-
vics,whinhtypiunyhmamisumceofmalhmdrulom.

3. TWISTED-PAIR LAYOUT STRUCTURE

mmemsw.maammwm’blswxysufdmﬂ-
usﬁngmzmmﬁngindxm:(i)bymingama@zﬁcﬂmm
ianfmoppmimdimﬁon;(n)bydimimdngormi;ﬁmiﬂngthe
xur(wemofthnsawndloop.TonchicvethaI.wcpmpmcasim-
ple rwisted-pair layout stracture (Figure I) that is inspied by the
twistcd-paly wire suctmre.

Asshowninﬁgml.wccomidulwosignallinesiuﬂﬂssm
mFmeuhsi,gmllin:.weassumemauhﬂeaimamndﬁnc
nutby.suvinguthesigna!‘sdedimedmnpm The signsl
nndgmmdlimmdmmwiﬂxdiﬂ?eteu&ahadﬁofgmy.likcdn
twismd-pairwilesun:mwcimt\vineomsi@allimadiBm-

nﬂd-pomlssuchrhazﬂwym"xynwﬂid‘abunt
thenﬁﬂ-pnims.Asdwsignalwdgmnndlinesmuiaondmm
mﬂlw.ﬂnpnysiﬂllaymoﬁmhat\vimd—pﬁmmin-
valves vies and doglegs.

As indicated in Figure 1, signal lines 1 and 2 fovm respectively
bqnlwplmdlumwiﬂllhdrdc:ﬁcawdnmpaﬁw.Asﬁg!ml
landksmmpmhuuwined.loomisdividedinmmmna
loops: loopn and loopy2- In quasi-static condition, the current
is contiTnous everywhere along a sigmal line. Therefore, the two
carrent loops flow in opposite directicns, and the mapoetic fields
m&edby!oopuwdloopumcqnalinmgn!mde,hninop-
pusite directions, According to the Faraday's law in Ega. (2), the
roumal jndnerance M = Lz can be calculated by finding the mag-
netic Aux linking loopy to loopy:

M=/L§'dgz/l)- ()}
M&cim:gmﬁmismtheswﬁneoﬂmpz.wcdividemesmfwe
u(hwimameqnﬂmszgmsuamgthami&ﬁmdmwn
in Figure 1. We rewritc Eqp- (3) as: ‘

M=( Li.asu-pf[mi-ﬁn)u..' @

Wh:nﬁwlengﬁsofﬂwwmsmnmnhhlgﬁwthespaﬂng
ummmmcm;pcdcﬂuxlmhseinhlmin!ym

BST&Z

fram foopy;. and the magnesic fAlux linkage in Sy Ia primarily due
to loopyz- As the current directions in loopyy 3nd loopy; are oppo-
site, the dircetions of the magnetic fluxes in Sg; and Sz are oppo-
site. Thevefoce, te two integrations ovar 521 and Sp cancel each

- /fmidgzz = - f/mi-dsu: 0]

Hmo:.lhemuumlindumbetwmnsigmlslandusm:
M‘-‘-(/f’zi"'dgzl - fjmﬂ'dgzt)/h =0. (9

In fact, loopr2 also contribuzes to the magnctic fux linkage in
$31. So does loopy, 10 Sp. However, their contributions are quitc
Waﬂmmmdmﬁcﬂnmm
each other in the integration. We can similaty argoe that Lyy is zev0
becanse the surfaces of the two Joops loopn and loop12 actually
“sum’” 1o Zero.

Anmep:ecedingdimssionsmbmdanmcmmpﬁonm
tbemrmninapallincismﬁmmsavuywm However, this
assumption is pot valid when the wire length is sufficiently long
for the transyission line effect 16 kick in- If payallel termination is
mﬁammﬂdwmm“mmnﬁnﬁ
nul:eﬂecdmudnmiﬂngends.mmmy.ndsspm
mmevhdmmmdmmmwmﬂm:miw
ends. Hence, the maomal inductance: is stll zero.

We use FasiHenry D) to vexify the cffectiveness of the proposed
twiswd-paklayousuumemnﬂnhniﬁmwmﬁnsmm
TThe wire width, height, length, and spacing are 1m, 2uom, 200um,
and 1z0m, respectively,

Wamc:uminwmixtmdermﬁequcndes: a high
frequency of fi = 10'8Hz and a low frequency of f.= 10°Hz. The
;)clmv matrices for a normal of un-twisted structive are given

fu=10"8Hz Jo=100Hz
74e—11 62e-12 9le—=11 10e—11
€2:-12 74¢—11 10e—-11 91e-11 J°

The dingonal elements axe the sclf-inductences, and off-dagonal
eniries in the matrix xre mutal inductances. The nductance ms-
trices for & twisted-pair stuctisre ¢ given below:

for=10%Hz fo=\0Hz
732=11 7.6e—17 g9e~11 1.0z—16
1.8e—~17 T4e—1l1 11e—16 9Je—-11 )"

adusdmagnimdcmllﬂthnthmqmndinsnmmﬂi:dno-
tmers of the normal an-twisted stroctore. For ell practical par-
pws.msnmalindnmbmvmuignakimdzismgﬁgibk.
We:lmobmﬂmmemismtsymmeﬁc.i.e.mmisa
mwmblzuﬂm.mdiﬁmmmym

4. TWISTED-BUNDLE STRUCTURE
In thig section, we generalize the simple bwisted-pair structre

[Ao92

such that we can minimize the conpling inductances within a multiplo-

signalb\udmthasmcmd:mmﬁgnllims.&inmemm-pair
smwewwmmhmhwmlwp.acwplemy
mw»;mnowmmummmmﬁcnum-
again&;emwtloopofamloﬂnmism
ﬁganMsamﬂﬁpbmmﬁmshsimmmndm
ground lines. Hﬂ:,wcasmmmnmewpnncai@alliwsof
MmmmmmegmndﬂnelahdndOasmdrmmm

407

PAGE 92/95* RCVD AT 612512004 5:56:01 PM [Eastem Dayfight Time] * SVR:USPTO-EFXRF-1/2 * DNIS:8729306 * CSID:408 720 9397 * DURATION (mm-ss):2740



068/25/2005 15:21 FAX 408 720 9397

BST&Z
. )
sgadi1 \ twiped poEp
dgnsll
gl 3
slpuain — \ novmal prowgp
poand e

szmmmmmammm

Fi;\_nS: Cumnlwpsdxwtosignallinﬂudmnndho.

nus(sigmlrmesandthc linz)mumtwimdﬂwrwmd
group. momuywpofwsdla!mnotmswdiaulledthe

group is equal 1o 2870 inductance betweent
dpﬂzuﬂmsignalmmmcmnuplmhm. We can
d;w:inilarwndmiumfasimklmﬂs.

4.1 SyntheSiS of Twisted-Bundle
mmmammm@mhmeﬁnﬂmm
i through i et reandering in different
routing aﬁmm;hemmeﬁcﬂnxumgdmmuﬂwom
i cancel each other in the cur-
rext foop of a net of interest. Asmcnumbaofmenasin&e
mmmmmmmu.mmmmume

} ofnwmnthmmmamm
Theurdainwhichmuigwmappearmmetwimdunﬂn

@o93

mmmmindﬂ'dmismcﬁun.weasmdmlhemmdﬁne
is Jaboled O Weﬁnﬁummmmnmﬂml&

and the lim(lnmuberemnuislamlumnln&em-
uizumbmmlisalmwz,andoumwy. The
has cwo implicotions:

. Tbuemmtbaatleﬂ(bl+1)cnmnslndrmnﬁngmh- ’
= The groond net 0 most appwinanmmind:emuﬁngm
trix.

Wcshallncwcnnsidu'thz quSiSofnlwlmd-hmdlcsuu—
mmwimaoddmmbﬂ’ﬁsignﬂm(i.c..lvlsodd)andubned.
comma lim.Wcsha!luseNn:‘Tlnmnmmtheidm
before i memmucﬁnnd&emumg i
%—l.Awm&M&mﬁgmme=7Bg‘mw

o1 23 4 $ 6 7
103 456 7 2
2305 6 71 ¢4
3450171 2 6
4 56702 31
56 712 o 4 3
6712340 5
7 2 4 6 1350
For wmmwtmcmrﬂxnthuﬂn&xgonﬂ'

——

catries e 0 Aaamulnﬂ:semdohsavaﬁmmwmmd
wﬁamlismalweshmwcmmunasymicmdngmix
wim(1+1)=8wlumilanllpossibh To £ill in the remaining
miuofﬂ:emn-i.:.wepcﬂ«mmemuuwinsmﬂs:

1. Fi!linunﬁmtcolumnwuhq:[‘lllslsﬂr exeept for
mcmmy.wtﬁrhis ﬁ.'lhdwi.tho.nilp]w'lm
the last eatry in the colamn.

2. Pestorm on Gy =[71234567 agyclic shift-up-by-o0e O
obuinq=[1234561]’. :

3 mewemdcdnmwimo;umfmmmwndm.
which is already filled with 0. Dia:lanulwmslmm in
tha colgmb,

madlmas-dlwlumBysymmv.wcoanslmply
memommmmmmmwmgm
3 i mmmﬁﬂﬂﬁumuﬁgmﬁthoﬂd
mnnbu(}i:h—l)ofneu(mﬁgmﬂ. .

Canwcapplysochmsumﬁonmlmﬁrmuunbuw=2n)
cfdgnﬂmn?Obsthth:laﬂmoimnmﬁngmuﬁx.
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f 0 1 2 3 4
| 0 3 4
2 3 0 .
3 4 .-« n-3
4 . -3 O
v 21—3 -2 2-1
e n=3 21-2 -1 1
-3 2n=2 Zn-—1 1 2
&z»—z n-1 1 2 3
n-1 2 4 .- =2

BST&Z

s 28=3 21-2 2a-1)
« 20-3 -2 21—1 2
-3 2m-2 -1 1 4
-2 2~1 1 2
-1 1 2 3 -2
0- 2 3 4 1

2 0 4 3

3 4

4 e e 0 2:-3
1 3 2n-3 0o /

Figure & RmﬂngmixfuN=b—lsigmlmaudammmongmmdlineinuwiﬂedgxwp.

the pet aumber jn colurmn i is always larger than the pot pumber
in aolamn (i — 1) by 2 (modulo N). That is becausc we perferm
a ¢yelic shift-np-by-one operaden for the vector Gt and a shift
down-by-one for the ground linc 0. Whea ¥ =21-1, the Tast
mmﬂlyfmmapummaﬁmmmwmimhehﬂ
calumm easily,

When N = 2m however, the last row does oot form a permata-
tion- Theﬁ:stcigh:oolumnsofthefonmingmﬁngmmﬁxm
m{mﬂ=8§gm|netsbyapplyiug&emnﬁonndu

o123 4354678 021 436587
1 0 3 456 7 8 2 204 3 65871
2 305 67 8t 4 1 406 S 81723
3 450178126 43 608 972135
45670123717 36 5902148
s 678103411 6 S 87 20432
6 781 23053 5 8 7 2 1 4 06 4
7 8123 45@0°¢5 8 72143606
8 2 46 82460 713571380
Tt is easy 10 dedooe that in the left half of the preceding matrix,
every oven-numbered signal net appear twice in the 1ast row as fal-
lows:

Zn24..20-22n24. 20-20.

In order to msintain as much symmetry as possible, we trapspase
the first N/2 entrics of the lest row to the first N/2 entrics of the
(N <+ 1) column. For the remaining N/2 catries of the (V+1)-
th columa, we uge the vector 2u—1 1 3 ... 2n—3]7, in order
!omalreemycnh:mapumulaﬁmThudme.un!yN/zmis
in the last row and N/2 entrics in the Jast columm do not stisfy
mwmmmmlmmwm
loops:ﬂwdimnmﬁmﬁwnmalywp.momthm.we
construct A right reuting matrix to provide thase complomentary
and opposite current loaps (5= the rogting matrix for N = §)-

Thenmdheaapproad\inogmas!he‘hommfw
the right roting mawix the following pancm:

[Za~113..20-32a~113 _.20-3 0}

This can be achieved easily by taking €} in the left routing matrix,
and swapping 1 with 2, 3 with 4, and in geoeral 20—~ 1 with 21
c, =[2143... 2020 1]" is the resultam vector. We can 2pply
d)emmmionubmummmeﬁgmmﬁngm

‘Note that the ronting matrix is not unigue. An altcmative routing
matrix can be obeained by simply permuting the columas in te
eriginal one.

42 Caveats

The twisted-bundle sructure can si eliminate the coa-
pﬁngmmmbemmnsignﬂminwnwimdgmpwm
nmm]ynnpi!theassumpdmsmmevuysignalminam

share & camon return path, and there is @ retum path for each
group hold. If thesz gssumptions are not valid, then the structure
mmiay fail to eliminate the mutual inductances between two groups,
oc can only eliminate a parion of the mutal inductance. For
mmpfewsigulmtsinmcnmmlynnp.forumple.m
mequnﬂydoscmthegzmmlﬁmsabovemdbdwmun. In
Nsmmﬂmmmmmmdmmghhup-
per ground line. Nonethelcss, for nets in the bowom haif of the
mmlm.lhnymmnhkywusecnlythelwm
pazh.Again.weasmmnqulctnropposiwswiwhingneighbm-
ingnmammidadmpamshsumcmBmmHhm

to go through highly resistive devices.

The mutual indnctances between two groups are significantly ro-
duced. It is gamural for one to ask the following question: within 2
m(beiuhetwiswdymponhemalm).isilpm“bkm
reducs the mutual inductances for sigmal nets within ooe grovp as
we do betwees two groups? The answer is v0. As long as two sig-
nal nets share one common rehtrn path, the mumal inductance can
oot be reducer by net reardesing. We prove this in the following.

There arc four relative positions fof two signal lincs and the com-
mon ground line gs itlustrated in Figure 5. We examine the indite-
tive nniss induced by signal 1 on signal lins 2. We asgume that the
umuuinsigmllﬂmﬁvmtheleﬁwﬂgbnmdthaziﬁsinmas-
ing. The directiots of the magnetic fux prodoced are dopicted by
the reund direction symbols in Figure 5 By the Faraday's law, the
inductive poise (conf) on signal 2 will by to counteract the changs
ofmagneﬁcﬂw:inmeloopfamwdbysigmlzmdwm
Therefate, inadlofdprourcau.medimcﬁonofthisinduwd
vulngedmponsignalﬁsfxmmeﬁg)umlen.asslwwnh\ﬂg-
ure 5. Hence, the roumial indnctance caanot be elininated.

s.

Based on the twisted-bundle strocture, a 16-bit bus is desigoed,
:sshminﬁgmes.mlésipn!sxe&videdimofmrm
with 4 signals in each group. Twisted groups and sormal groups
are altenated. Thjohtheadjmdmnﬁnsmg’nmhthemﬁswd
gwps.whameullayetisused.ﬁsmnhmpmuﬂhcsﬁck
diagram of the twisted gronp. In 2 narmal group, the ground lino
bmmmmmwwﬁwmmuw
two below it

mmmm«mmmmam-
ﬁomlls-himls.wh.ichmmiszsnumxnnlgmups.lsoomed
for comparizon We refef to it 2s the normal structure, The induc-
tance matrix for the two kinds of buses are shown belgw. Only the
first four columns of the 16x16 matrix are shown. Rews 1 through
4 are for peis within the first group; the rest arc the coupling io-
doctance between nets in the first group sud the remaining groups.
We assume that the buses are 2mm long. For all e meta! wirez,
mmidmnsislmandﬂ;cwiddnmdspwingmbolhammsd
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(a) ®) . (©) @

3 Fwisted Gromp — Tahle 1: nmmﬂamfcrinvesugﬁgmnm_lgdsinsignde.
e = Wire Index: | 0123456 785ABCDEY
- Pattern 1 000000020£000000
3 Nermal = Pattern 2 0000L££LOLL 22000
=] Normal Group Patem3 | 0000£££r0x££2000
Pateru 4 LLLPERLL0ILLLELL

Twiged G - Pattern S TLLL 222 0T LLELL

Ne = The jnductance matrix of the normal structare is given below:
b il = 1.82=09 88c—10 44¢—10 6.0c—10

8.82~10 12¢—09 32-10 44z-10
_ . o 44e—10 32e—10 12e—09 B.8e—10
Figure 6: A 16-tit signal bus in a twisted-bundle strucomre. 60e—10 44c—10 B88—10 1.8e—09
T0e—11 42e—11 T3e—11 23¢=10
286—11 166=11 26e=11 7.3e—11
2.0e—11 l.le=1) 1.6e=11 8211

il liig

]
- 3d4e—11 20e—11 2.8e—11 7.0e—11
l -—-li%i L6e—11 9.0e—12 Lle—11 26e—11
_!I_._l 73—12 ADe—12 S0e—12 lle—11
11 6le—12 336—12 40e—12 9.0e—12

1l.le—11 6.le—12 73e—12 lée—11
. 72e—12 38:—12 44¢—12 9612
Hm?:Sﬂdﬁayamd(behyﬂnfuaMm(mtdtm 33e—12 lBe—~12 2.0e—12 dde—12
to scale). _ 29e—12 16e—12 1Be—12 3.8¢-12

5.6c~12 29¢—12 33¢-12 72:-12 )

5 . As wo ¢an see, the amal indactxices between signal nets within
Puwﬁ=$mmhmmﬂﬂwmmm the first group are similar in both marrices. The mistal inductances
inductance matrix of the twisted-tumdle structue is given below: between sigual nets in the first twistod groop and the two narmal

groups are about two orders of magnimde smaller than those bo-
twoea corresponding Rets in the normal stracture. The noutual in-

(1_1¢—09 592=10 822-~10 a_«-[o} ductances berween ths two twisted groups are not 2ero. As the two
59¢—10 15¢-09 Bde—10 82¢—10 mmwpauodbyamulmmedismnebe:wemm
82:~10 8.4c—10 186=09 1.le—09 makes the moutial Inductances smaller than those i the first group.
8.4e—10 82410 11e—09 L8e=09 |, We also extract the capacitance and inductance values fior dif-
16e~13 52¢—13 54e—13 LOe-12 ﬁmmwimlengths.audsimmmmnlﬁngRIwamnin
26e—13 322=13 17e—13 3.6e—13 SPICE uting different input pattcns & 1GHz aod 2GHz signal fro-
20e—=13 25¢=13 lLlg=13 2de-13 mﬁesw“hngm:mmmmm.mmﬁugqpb
36e~13 44e—13 19-13 41e¢-13 cal top-lovel global wires berween repeatees of gales in high-speed
1.2s—11 Ble—13 98:—12 9.82—12 circaits [5). For all traces, the drivers are 160X of the minimum
79¢=13 122—-11 98=12 976-12 fnverter in a representative 0.18um CMOS techoology with 1.5V
11e=11 87¢-12 27¢-11 2la-11 Vi, and the receivers are 40X of the minimmn inverter.
8.8e—12 Lle—11 2le-1l 27e=11 Table 1 describes the feput patterns used in the simularions, We
7.2—14 93e—14 40e—1¢ 8.0c—-14 mmmagnahinalé-bnusmomrmmmmom
3.3¢—18 43c—14 19¢—14 37e-14 is oot the groand wire. In this table, ‘¢’, “2°, md ‘0’ stand for
20e—~14 3.8¢—~14 16e-—-14 33z-14 tising’, *falling’, and “quice’, respectively. The rise and full Gimes
\ 5.5~ 14 72¢e—14 3.1e-14 6.23-14) amwmmmumdmmwﬁoﬂ.m
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Teble 2: Campmisonorfnoisekvdsbwneenthctwismd-hndle
stry

Noise (V)

Leugth | Inpmt freq=1GHZ freq=2GHzZ

(mm) | Panem ) Twnsied | Normal “Twisted

1 1 0.05 0.17 007 a25
2 023 025 032 0.40
3 0.13 0.16 0.18 028
4 (152] 026 038 039
5 0.12 0.18 0.18 0.28

2 1 Q. 036 a1l 0.42
2 033 0.46 . 0.44 0.55
3 0.18 035 023 0.46
4 037 047 044 0.5%
5 0.18 034 023 0.48

4 1 0.14 0.55 015 0.59
2 0.51 0.66 053 0.67
3 021 0.51 023 0.55
4 053 0.66 054 068
5 023 049 0.24 0.55

Tuble 3: Campaﬂsuufmaximnmddzyshtwemﬂ:misui-

bundle md
Maximum delsy (125)

Lengthfreq ([CTwisted Sguctare | Norgaal

twnsted | novmal | Structare
1mm\GHz || 0.040 0.041 0041
1mm2GHz || 0033 | 0.033 0.034
2mm,IGHz || 0069 | 0.073 0072
2mm2GHz || 0061 | 0.067 0.065
mm,1GHz || 0.140 | 0.146 | 0.145
) dmm2GHz | 0129 | 0.138 0.137

mwﬁaﬁgﬂsmiwhum“mﬁm.mzmmm
lwahmmdndicfnrmddﬂnvicdmﬁ@ala. From the
cimulation resulls, we obscrve that the twisted-bundle strucnire can
effectively reduce the coupling moise. For 1oun wirg, we achicve
4% to 72% poise reduction; for 2mm wire, 18% o 76%; md for
Amm wine, 20% to 75%. Similar results arc obtained when we use
impiut patterus obtained by substintting ‘x* for ¢° and '° for ¥’ in
(ks five input patterns listed in Table 1.
mimpnﬁd!hzwhu!-mdbsmonsigmldelqis
also investigacd. minpmmunsmsimnatwmmmlel
exneptmusigrmeisalsoswi:ching(bmhhigh and low) instead
of being quist. Teble 3 summarizes the nxaximum delays found

for the twisted-bundle and normal structures. The second and third

columnsin'hbuﬂistdunmimmddmofmmthe:wm
msmdmﬂmddnmmmm

bmﬁemedgmdiﬁsbymemanmmmcw
kmummdnmswmw
structure are even smaller.

6. CONCLUSION
In this paper, we present the mwisted-bundle layoat struchire, fo-

BST&Z

doctance extractian with FastFenry shows the cffectiveness of this
sguctire in minimizing mumzal inductance, SPICE simoladon re-
sduﬂmmmitmmmlymmewupﬁngm
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